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Orricr oF THE StatE Gronocist, Room 32, Srare Hann, | 
ALBANY, N. Y., April 24th, 1896. 
To Mis Excellency Levi P. Morton, Governor of the State of New York: 
Stir:—I have the honor to submit the annual report of the State 
Geologist, embracing an account of the work done in the field and office. 


The geologic map of the State, to which reference was made in my 
report of last year, has been completed so far as we had information in 
regard to the distribution of the several formations at the date of its sub- 
mission, ‘This map has been printed in colors under the direction of the 
United States Geological Survey in Washington, and 400 copies have been 
presented to the State of New York for distribution to educational insti- 
tutions and departments, as well as to the members of the Legislature. The 
distribution of these copies has been essentially completed. 


The field work of last season was carried on with special reference to 
completing the map in such portions of the State as were yet incompletely 
surveyed, and this work has contributed to our knowledge of the distribu- 
tion and accurate limits of the geologic formations in the several counties 
under survey. The knowledge thus acquired will enable us to add much 
new matter to the map, and to reduce the uncolored areas in any future 
edition. At the same time attention has been given to the economic resources 
of such portions of country as have been examined, and the result will appear 
under the head of the counties described in the report. 


The same method of work as heretofore mentioned has been continued, 
and the services of the professors in several’ of the colleges have been secured 
during their vacation time, the State imcurring only their traveling and field 


expenses. 


Professor Charles 8. Prosser of Union College, has been engaged in the 
central portion of the State, and Professor Clarke, assistant State geologist, 
has been giving special attention to the relations of the Oneonta sand- 


stones and shales to the Ithaca and Portage groups of central New York. 
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Mr. D. D. Luther, who has already contributed a valuable report upon the 
Livonia salt shaft and the products of the salt field generally, has reported 
upon the general and economic geology of Onondaga county, and has also 
been working upon the stratigraphic relations of the Portage sandstones in 
the Naples valley, and along the line of their outcrop from Seneca lake to 
Lake Erie. 


Dr. Heinrich Ries of Columbia College, has made an elaborate investiga- 
tion of the geology and economic resources of Orange county, N. Y., 
contributing much to our previous knowledge of the distribution of the rock 
formations in that part of the State. Professor I. P. Bishop, of the State 
Normal School at Buffalo, has investigated the structural and economic 
geology of Erie county, and has communicated a valuable map showing 
the distribution of the geologic formations, and the localities of oil and 


gas, with other economic resources of that county. 


Professor C. H. Smyth, Jr., of Hamilton College, has been engaged in 
the study of the rock formations occupying parts of the counties of St. 
Lawrence, Lewis and Jefferson, and has communicated a report upon the 
same. Professor Smyth has also made a report on the tale industry of St. 
Lawrence county, which will form an important addition to our knowledge 
of the economic resources of the State. Professor H. P. Cushing, formerly 
of Columbia College, now of Adelbert College, Ohio, has made an examination 
of Clinton county, and the adjacent portions of Franklin, and will furnish 
a report upon the topography and structural geology of that region. 

Professor J. F. Kemp, of Columbia College, has continued his investiga- 
tions of the geology and economic resources of Essex county, and this 
report, accompanied by maps and diagrams, will form a part of the present 
report of the State Geologist. 


The following synopses of these several reports and contributions will 
g Synoy i 


give an idea of the nature and results of the investigations carried on in this 


, 


department. 


SH MAGNE Subs: 


Diet ie KESUETS OF SCE REPORTS 
Communicated by the Several Assistants 
IN THE FIELD AND OFFICE, RELATING TO THE 
GEOLOGIC MAP OF THE STATE. 


The Stratigraphic and Faunal Relations of the Oneonta Sandstones and 
Shales, the Ithaca and the Portage Groups in Central New York. 


By Joun M. Crarke. 


This report presents a revision and summary of observations previously 
made by the same author with reference to the position of the Oneonta sand- 
stones, and their extent westward from the Chenango river, and adds thereto 
more recent data bearing upon the passage of the Ithaca fauna, in the region 
of its highest development in Cortland and western Chenango counties, 
into the pecular and typical fauna of the Portage group. 

It is shown that the Oneonta group, characterized by its highly colored 
beds of shale and sandstone, and of prime economic importance on account of 
its high-grade sandstones and flags, lies above an eastern extension of sandy 
shales carrying the fauna of the Ithaca group. In the Chenango valley, at 
Greene, it is overlaid, at a height of 300 feet, by a fauna having many 
strong Chemung features, but in which certain of the Ithaca species are still 
present. In the sections along the Genegantslet creek westward of the 
Chenango valley, the barren red and green shales are found to alternate with 
gray sands carrying the fossils of the Ithaca group and, in a few instances, 
highly colored shales are observed, in which a few Ithaca species occur. 
Over the next divide to the west, and into the valley of the Otselic river, 
almost every trace of the red and green beds of the Oneonta group has disap- 
peared. It is therefore concluded that the westward disappearance of the 
Oneonta group is due to recurrent thinning of the beds, the fossiliferous 
Ithaca beds coming in between and dovetailing with them. There is no satis- 
factory evidence that the Oneonta beds are followed by a normal Ithaca 
fauna, but rather by a fauna whose affinities are decidedly with that of the 
Chemung group. The fauna of the Ithaca group is most highly developed 
along the valley of the Otselic river and throughout Cortland county. 

In making the detailed sections of this group, the base line taken 1s the 
Tully limestone, and the sections result in showing outcrops of this limestone 
at points considerably south of those previously reported. This is especially 
notable along the Tioughnioga valley and in the valley of the Cheningo. In 
the Otselic valley the sections of the rocks overlying both the Tully limestone 
and the very thin layer of Genesee slate show, first, a series of barren, sandy 
shales and flagstones, which are believed to correspond with certain barren 


sands lying at the base of the Portage section at Ithaca and some points * 
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further west in the more typical Portage region. , The same beds are known 
to occur further east, and at Sherburne, in the Chenango valley, they were 
early termed by Vanuxem, the “Sherburne sandstones.” 

Aboye these lie beds of sandy shale, often with considerable quantities 
of argillaceous shale, bearing fossils which, for the most part, are Hamilton 
species, showing no variation. Gradually, however, forms appear which are 
not known to occur in the normal Hamilton fauna, among others Spirifer 
mesastrialis, which becomes abundant and large at about 300 feet above the 
base of the fossiliferous beds. In the upper portions of the group the fossils 
are distributed in thin beds, separated by wide, barren intervals; these barren 
sandstones and flags finally predominating to such an extent that fossils are 
seldom seen. In the Otselic river section, fossils which occur in the typical 
Portage section are very rarely seen; the fauna is a Hamilton fauna, modified 
by the presence of some non-Hamilton species, and by certain characteristic 
variations of the Hamilton species themselves. 

In the Tioughnioga valley, the presence of some of the more abundant 
and widespread Portage species is noticeable. The commingling of the two 
faunas in the Cayuga lake section is well known. Through Schuyler county, 
in sections made at Havana and northward on the west side of Seneca lake, 
the predominating fossils are still the brachiopods of the Ithaca group, but 
with an increase in the representation of the Portage fauna, which manifests 
itself in places in Yates county by some of its indicial types. It is not until 
the western limit of Yates county is reached that the normal Portage fauna, 
with its peculiar types of life, so distinct from those of the Ithaca group, is 
fairly pronounced, and this expression of the fauna is intensified further west- 
ward in Ontario and Livingston counties, where evidences of the Ithaca fauna 
are met with only at rare intervals. 


The Classification and Distribution of the Hamilton and Chemung Series of 
Central and Eastern New York. 


By Cares 8. Prosser. 


These investigations of the rock series from Chenango county eastward 
were undertaken principally for the purpose of tracing the boundaries of 
the Oneonta group of sandstones and shales, of ascertaining their stratigraphic 
and faunal relations to the deposits above and below, and, also, of elucidating 
so far as possible, the division line between the Hamilton group and the over- 
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lying strata and fauna. The latter is a peculiarly perplexing problem. East 
of the Chenango river the Tully limestone and Genesee slate are wanting, 
and the sandy shales of the Hamilton group pass upward into those of the 
Ithaca group with slight lithologic changes and with alterations of the fauna 
so gradual as to be perceptible only upon very careful observation. ‘The Sher- 
burne sandstones, of Vanuxem, are shown to be a mass of virtually barren 
deposits separating the faunas of the Hamilton and Ithaca groups, corre- 
sponding with the lower barren sandstones shown in some sections of the 
Portage of western New York, especially at Ithaca, where these beds have 
been designated as the “ Lower Portage.” There is good reason for recogniz- 
ing this old and well-defined term in application to this mass of barren 
sands coming in between the Genesee slate and the overlying fossil-bearing 
beds. The term “Sherburne sandstones” would, then, designate an horizon 
pretty clearly defined from Cayuga lake eastward into Otsego county or beyond 
the disappearance of the Genesee and Tully formations. The rocks in the 
Chenango valley sections lying above this horizon, which have heretofore been 
referred to the Ithaca group, are shown to contain a fauna which bears a much 
greater resemblance to that of the Hamilton group beneath than to the fauna 
contained in the typical exposures of the Ithaca rocks at Ithaca. It is true 
that the section at Ithaca is through rocks whose organic content is a com- 
mingling of the species more fully and typically represented in Cortland and 
Chenango counties, with those which are properly members of the normal 
Portage fauna. 


The Stratigraphic Position of the Portage Sandstones in the Naples Valley 
and the Adjoining Region. 


By D. D. Luruer. 


The purpose of this work was to ascertain approximately the line of : 
division between the Portage and the overlying Chemung group in western 
New York. The problem is a difficult one, so far as based upon lithologic 
grounds, for the rock series consists of sandstones, flags and sandy shales, 
varying among themselves. The original upper limitation of the Portage 
group, however, was fixed by a mass of heavy bedded sandstones, which 
were termed the “ Portage sandstones.” 

The author introduces his work by giving a detailed account of a care- 
fully studied section of the entire Portage formation in the Naples valley, in 
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which the precise position of the Portage sandstones is shown and. their exact 
relation to the faunas of the Portage and Chemung group determined. These 
sandstones lie at an elevation of 600 feet above the base of the Portage 
formation. A few feet below them is a bed of shales in which are found 
characteristic species of the peculiar and distinctive Portage fauna. Between 
this layer, however, and the sandstones themselves is a thin stratum bearing a 
small fauna unlike anything occurrmg in the normal Portage fauna. This 
stratum contains brachiopods (Liorhynchus, Atrypa reticularis, Productella, 
ete.), which indicate an encroaching fauna, not distinctively Chemung, but 
more closely allied to the Ithaca fauna of the regions east of Seneca lake. 

It is further shown that the true Chemung fauna with //ydnoceras 
tuberosum and characteristic brachiopods, is well developed within 100 feet 
above these Portage sandstones, the intervening rocks not being clearly 
exposed in this section, but apparently consisting of barren sandy shales. 
The vertical distance from the base of the Portage group to the first pro- 
nounced development of a Chemung fauna, in this section, is less than 700 
feet. This is a considerably less thickness than is commonly accredited to this 
formation, and much less than that which exists m the typical section on the 
Genesee river at, and below, Portageville, but the former has been measured 
with much care. With these data in hand the author has traced the heavy 
bedded Portage sandstones eastward to Seneca lake and westward to Lake 


Erie. 


The Economic Geology of Onondaga County, N. Y. 
By D. D. Luruer. 


In this paper the rock formations are discussed in their proper order of 
succession, and while attention is given to the geologic character and dis- 
tribution of each, many facts of interest are brought out, and the especial 
value of the report consists in its exhaustive treatment of the most 
important economic products of this county, viz: Salt, soda-ash, gypsum, 
hydraulic cement and quarry stone, 

Following a brief description of the somewhat peculiar topography of the 
region, the shales of the Clinton group, the lowest formation represented, are 
described. These outcrops are in the low lands of the northern part of the 
county, and have shown no contact with the overlying Niagara limestone. 


ry’ T: . a 
The Niagara group is very obscurely developed through the same region east: 
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ward, and though quarried at several exposures for local use, it attains no 
great thickness and bears but few fossils. The rocks of the Salina group are 
shown to be of great importance. Their lower layers, the “red shales,” are 
extensively excavated on their exposures, for the manufacture of brick and 
tile. This group is also the horizon of the salt brines of this region and of the 
rock-salt beds so extensively exploited by the Solvay Process Company in the 
vicinity of Tully. A recapitulation is here given of the history of the salt 
industry and the mode of production under the control of the State, followed 
by an account of the Solvay Company’s soda-ash plant, and a statement 
of their. process furnished by the company for this report. The facts 
brought forward show the enormous industrial importance of the enterprise. 
The well records of the nearly forty bormgs put down by this company in 
the vicinity of the Tully lakes are discussed and summarized. The impor- 
tance of this industry is indicated by the statement that the Solvay Company 
consumes 800,000 gallons of brine, 1,000 tons of coal and 1,200 tons of 
limestone per day, and gives employment to 3,000 men. 

The gypsiferous beds of the Salina group, overlying those containing the 
salt, vary somewhat in character, most of the output being from two shaly 
layers near the bottom, The history and development of this large industry 
is also concisely given, together with its mode of handling, list of producers, 
their output and market. 

Under the Lower Helderberg group are considered the productive 
water-lime beds. The lower courses of this formation are blue, comparatively 
high-grade limestone, largely used for the production of quicklime. The pro- 
ductive hydraulic or cement rock hes in two beds, near the top of the group. 
The mode of quarrying and treating this rock in the manufacture of hydraulic 
cement is given at length; account being taken of all the principal producers 
and their output. Fossils of Lower Helderberg age are found both above and 
below these cement beds. 

The Oriskany sandstone is shown to vary considerably in thickness, being 
actually thicker at the western than at the eastern limit of the county; in one 
section within the county totally disappearing, so that the limestones below 
come into actual contact with the Corniferous limestone above. It is fossil- 
iferous, very interesting from a geologic standpoint, but is of little economic 
Importance. 

The grand exposures of the Onondaga and Corniferous limestones 
render them of great importance to the community. Following an historical 


account of the working, is given a description of the usual mode of exploit- 
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ing and handling, a list of producers and product and of the notable buildings 
in Syracuse, affording illustrations of the usefulness and beauty of the rock. 

The Marcellus formation is considered, with especial reference to the de- 
velopment of the Goniatite limestone. 

The shales and sands of the Hamilton group, covering the high lands of 
the southern part of the district, are described, and notice taken of all their 
principal exposures. 

The Tully limestone, a highly important base line among the formations 
in this region, is carefully traced throughout the county and its variations in 
thickness measured. It has some value as quarry stone, and its exploitation is 
described. 

A bed of black shale, overlying the Tully limestone and haying a thick- 
ness of 90 feet, is recognized as the continuation of the Genesee slate of 
western New York, together with the bituminous shale beds occurring in the 
lower part of the Portage formation in Ontario and Livingston counties. As 
these black bands within the Portage shales are but sparingly fossiliferous and 
their species are for the most part unlike those of the true Portage fauna, the 
assumption that the Onondaga county bituminous beds represent the completed 
tendency of the ancient seas to such sedimentation at this period may be 
probable, while its demonstration from sections would, in the paucity of fossil 
remains, be more difficult. The Portage shales and sandstones appear only in 
the tops of the high hills at the south, and bear a fauna characterizing the 
Ithaca group. 

Under the caption, “ Quaternary Era,” the various surface modifications of 
the county in late geologic time are considered. In this connection notice 
is taken of clay, sand and marl deposits of economic importance, and of the 
actual product therefrom. 

Following this is a discussion of the condition of the rock strata, with 
especial reference to dip, folding and faulting, with citation of illustrative 
phenomena ; and much interest attaches to the author’s account of the peridotite 
eruptive dikes: in the city of Syracuse, first discovered by Vanuxem, and 
varefully studied in later years by G. H. Williams, and afterwards: by Darton 
and Kemp. 

The report closes with a statistical table of all economic products of the 
county, with names of producers and amount and value of output. 

The report is accompanied by a geologic map of the county, various 


smaller maps, diagrams and sections, and numerous photographs. 
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The Structural and Economic Geology of Erie County. 
By I. P. Bisnop. 


After a brief introductory account of the topography of this region is a 
more detailed description of) the stratigraphic succession of the rocks. The 
lowest rocks are the shales and marls of the Salina group, and the highest, 
according to this author’s determination, the upper beds of the Portage group. 

Each subdivision is described at considerable length, and features of 
special interest are the accounts given of the extensive water-lime beds, the 
limestones of the Upper Helderberg division, the Stafford limestone of the 
Marcellus shale, the Encrinal limestone of the Hamilton group, and the 
section of the Genesee slate. It is shown that the Tully limestone, which is 
absent in all the country west of Canandaigua lake, is here represented by a 
layer of pyrite at the top of the Hamilton shales, as shown by D. D. Luther to 
- be the case in the counties eastward between Erie and Ontario. The section of 
the Genesee slate has a thickness of only seventeen feet, about two feet of 
this belonging to the Styhola band, which has thus been shown to extend from 
Yates county to Lake Erie. The lithologic characters of the Portage shales 
and sands are carefully given, but their fossils have received little attention 
in this connexion; the upper limit of this formation, in the region 
described, is not clearly determined. 

Superficial deposits, sands, gravels and clays are treated under the head 


? and in connexion therewith is an account of the 


of “Quaternary geology,’ 
soils, springs, pre-glacial rivers and erosion, and the ancient Lake Erie shore 
line in Buffalo, This part of the paper closes with a brief notice of modern 
geologic changes. 

The second main heading is that of economic geology, under which are 
considered, first, the rock formations quarried for building stone, viz.; the 
hydraulic limestone, Onondaga limestone, Corniferous limestone, Stafford 
limestone, Encrinal limestone and Portage sandstones. The interests here 
represented are large, as shown by the statistics of producers, and the quality 
and amount of the products. Similar consideration is given to the product of 
road metal. 

Following this is an extended description of the production and manu 
facture of hydraulic cement; the nature of the cement rock and a list of its 
fossil contents. The production of quicklime, brick, tile, sewer pipe and fire 


clays, sand and gravel, is also described at length. 
9 
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A large part of this report is especially concerned with the product of 
natural gas and records of the wells which have been drilled in and 
about the city of Buffalo. This account has been prepared with elaborate 
care, giving a full list of the gas-producing companies or individuals, their well 
records and product. The tabulated list of wells, productive and non- 
productive, embraces sixty-seven. These statistics are supplemented by some 
discussion of the geology and supply of natural gas. Brief accounts of the 
rock salt and water power of the county are followed by the description of 
a general geologic section from Lake Ontario to Cattaraugus creek. 

The paper is accompanied by a geologic map of Erie county, with several 
maps showing the location of the gas wells, and by numerous photographs. 


Report on the Geology of Orange County. 
By Heryricu Ries. 


The introductory parts of this report are devoted to a description of the 
physical geography and topography of the region, followed by a summary of 
geologic literature pertaining to the district. 

The geologic formations present are then taken up in consecutive order 
for brief discussion. 

The pre-Cambrian rocks are largely developed, consisting of gneisses, 
gneissoid rocks and limestones, all frequently traversed by dykes of igneous 
rock. The bodies of iron ore which are worked in this county he in these 
crystalline rocks. 

The Cambrian rocks are light colored, generally heavy bedded magnesian 
limestones, and though apparently without fossils, they seem to be a con- 
tinuation of the limestones of northern New Jersey, in which fossils have 
been found. These limestones frequently become crystalline as a result of 
granite intrusions. 

The Trenton group is represented only by a single exposure near New- 
burgh. The Hudson river shales and sandstones are very widely extended 
and cover nearly two-thirds of the area of the county. In a few localities 
they have furnished fossils. In the Shawangunk mountains, the Medina sand- 
stone has a thickness of about fifty feet in the town of Deer Park, and also 
appears in the vicinity of Skunnemunk mountain. The Lower Helderberg 
series appears at several points, and at the best exposures its different mem- 
bers can be determined. The Oriskany sandstone and quartzite occurs in two 
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belts, one passing through Port Jervis, and the other along the western side 
of Skunnemunk mountain. The Cauda-galli grit, “Esopus slate,” as it has 
been termed by Darton, rests on the Oriskany in eastern Deer Park town- 
ship. Outecrops of the Corniferous limestone are restricted to localities near 
Port Jervis and Port Orange, its thickness being estimated at 250 feet. The 
Hamilton group is well developed in the county. The Marcellus shales are 
seen along the Neversink valley, and are estimated to attain the enormous 
thickness of 800 feet. Overlying them in the same region are arenaceous 
shales of the Hamilton group with a thickness of 1,800 feet. A second area 
of Hamilton rocks in the Skunnemunk mountain region has been separated 
into local subdivisions, viz.: the Monroe shales, Bellvale flags, and Skunne- 
munk conglomerate. The Chemung formation caps the rock section, and is 
represented by non-fossiliferous beds in the western portion of Deer Park. 

Following this summary statement of the distribution of the geologic 
formations, the author enters more explicitly into a discussion of the geologic 
relations of each, and more detailed accounts of their areal extent. The 
following captions show the general mode of treatment: Geology of the 
Warwick Cambrian limestones, and the granites; Relations of the limestones 
and Hudson river slates; Geology of the region along Bellvale mountain ; 
Pre-Cambrian gneiss; Geologic relations of the area along Skunnemunk 
mountain; The relations along the northwest side of Skunnemunk mountain ; 
Geology of the region east and southeast of Skunnemunk mountain; The 
area west of Cornwall; Geology of Deer Park township; Hudson river slates 
and sandstones; The Neelytown limestone; Geology of Newburgh and New 
Windsor townships; The Highland area of gneissic rocks; Tuxedo township, 
Monroe township, Woodbury township, Highland township, Cornwall town- 
ship; Dike rocks; Quartz porphyry; Pleistocene geology. 

These chapters, each of which is elaborated in detail and_ precision, 
precede a special consideration of the economic geology of the county. 

The various materials available for road making are described; brick 
clays, their quality, workers. and product; limestone, lead ore, building stone, 
-flagstone, iron ores and their workings, handling and product, are fully con- 
sidered ~ and, finally, the soils, mineral springs, water power and water supply. 
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Report on the Talc Industry of St. Lawrence County. 


By C. H. Smyrtu, JR. 


In a previous report the author had given some consideration to a certain 
portion of the tale deposits in this region. A fuller account of the talc, its 
nature, occurrence and exploitation is here presented. The deposits of this 
mineral are largely in the towns of Edwards and Fowler. It may occur at 
several horizons in beds of considerable thickness, and it is evident that these 
beds are intimately related to the crystalline limestones with which they are 
associated. The walls of these tale beds consist of a tremolite rock passing 
gradually into the limestone, and one evidence that the tale is derived by 
gradual alteration from the tremolite is the fact that much of the mineral is 
distinctly fibrous, a condition of first importance to the economic applications 
of the tale The soft, scaly, non-fibrous tale is regarded as the ultimate 
condition of the mineral resulting from the continuation of the decompo- 
sition of the tremolite. Some account of the number of mines is given, 
followed by a description of the process of manufacture, and some discussion 
of the value of variations in physical character of the mineral, and finally a 


statement of its uses in manufactures. 


Report on the Crystalline Rocks of St. Lawrence County. 
By C. H. Smytu, Jz. 


This is an account of work done in this county in continuation of obser- 
vations already made in a previous report. The townships whose geology is 
especially considered are those not canvassed in the previous survey by the 
author. The principal purpose of the work has been to determine the distri- 
bution of the crystalline limestones, for which the writer had already intro- 
duced the term, “Oswegatchie series ;” and, also, to collect data bearing upon 
the question of the origin of the gneisses and the relation existing between. 
these rocks and the limestones. The limestones occur principally in belts, as, 
well as in small scattered patches. The extent of these limestone areas is 
described, and in'the same connection the areal distribution of the gneisses. 
Three or four distinct belts of limestone are defined, together with smaller 
accessory areas. The limestones are highly crystalline, with a considerable 
range of color, and carry masses of embedded silicates, among them tremolite 
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in such abundance as sometimes to constitute a tremolite schist. Interbedded 
with the limestones are, sometimes, gneissic rocks.” The author infers that the 
limestones, having their greatest development in the northwest part of the 
county, decrease rapidly in passing southeastward toward the heart of the 
Adirondacks. 

Under the heading, “Origin of the Gneisses,” the two important 
problems are discussed—the origin of the gneisses, and their relations to the 
limestones. In considering the first of these, three explanations are presented. 
as possible, and worthy of consideration; the first, that the gneisses are meta. 
morphosed sediments; the second, that they are of igneous origin; the third, 
that they are partly metamorphic and partly igneous. It is shown that the 
principal evidence in favor of the first hypothesis lies in the association of 
the limestones with the gneisses, but this is regarded as insufficient to prove 
that the gneisses belong to the limestone series. The second hypothesis is 
considered in much detail. Evidence in its favor is found in the general 
foliation of the gneisses, and in the microscopic structure of the rock afford- 
ing various evidences of pressure, flow, and secondary changes. Facts are 
brought forward to show that the gneiss contains masses which are inclusions 
of some older formation, perhaps taken up by the gneiss when it was in a 
molten state. 

As the author does not regard the gneisses and the limestones as parts 
of one series, the former must be older or younger than the latter, and he 
believes that the gneiss is, in part at least, the younger, and instances are cited 
where the gneiss appears to be intrusive into the limestones, and accompanied 
by local metamorphic contact effects. With regard to the general relations of 
the gneisses and limestone, it is concluded by the author that the gneisses 
constitute a complete series of rocks, differing somewhat in age, and largely, 
if not almost wholly, of igneous origin; that parts of this series are younger 
than the limestones; and while it is possible that other parts may be older 
than the latter, there is, however, no absolute proof of this assumption. 


Report on the Geology of Clinton County. 
By H. P. Cusine. 
After a general presentation of the topography of this region, the author 


takes up for especial consideration sertatim the geologic formations, as 


follows: 


bo 
bo 
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1. Gneissic series; 2. Limestone series; 3. Gabbro series; 4. Palaeozoic 
series: (@) Potsdam sandstone, (?) Calciferous sandrock, (¢c) Chazy lime- 
stone, (72) Black River limestone, (¢) Trenton limestone, (7) Utica slate; 
5. Dike series; 6. Pleistocene deposits. 3 

Then follow important chapters on the metamorphism of the Pre- 
Cambrian Rocks and on Post-Champlain (Lower Silurian) Disturbances. 

The latter half of the paper is devoted to the discussion of the areal 
geology by townships, in the following order: 

Clinton, Mooers, Ellenburg, Dannemora, Saranac, Black Brook, Ausable, 
Peru, Schuyler Falls, Plattsburg, Beekmantown, Altona, Chazy, Champlain. 


Preliminary Report on the Geology of Essex County. 


By J. F. Kene. 


This report is a continuation of the author’s geologic investigations, 
published in the report of the State Geologist for 1898. Townships not 
previously described are taken up for special consideration and descrip- 
tion, and the areal geology of each is given, so far as determined. Special 
notice is taken of economic products, mainly of iron ores. 

In the town of Chesterfield, so far as explored, the gneisses are extensively 
developed, but no new facts in regard to other series of rocks have been 
obtained since the last report. 

In Jay, the gneisses constitute the northeastern corner; the crystalline 
limestones occur in upper Jay, and constitute the northerly continuation of 
the area of similar rocks occurring in Keene; rocks of the gabbro family 
cover the main portion of the town, while no palaeozoic sediments or dikes 
of irruptive rocks have been observed. 

In Wilmiigton, the gneisses and gneissoid rocks with crystalline lime- 
stones are believed to be absent. The entire eastern portion of the town is 
covered with gabbros and anorthosites, while no sedimentary rocks are found: 
in the town. A single trap dike is observed at the high falls of the West 
Branch of the Ausable. 

St. Armand. ‘The gneisses are well represented, but the crystalline lime- 
stones and their associated rocks are not met with in the town. The area of 
gabbros, represented on the map largely from inference, appears to be con- 
siderable. No palaeozoic or irruptive rocks have been noted. 
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In North Hudson, so far as explored, only the gabbros have been noted. 

In Schroon, the gneisses and crystalline limestones cover almost the entire 
township except the northern portion where there are gabbros, and a small 
area at Schroon Lake post office, correctly regarded as Calciferous sandrock. 
The last is the remotest outlier yet observed of palaeozoic sediments in the 
mountains. Several dikes are noted; one at Pharaoh pond, others west of 
Schroon Lake post office. Iron ore occurs in the Schofield bed at the extreme 
east of the town. 

Minerva is chiefly covered with gneisses and crystalline limestone; on 
the northeast, gabbros and related rocks occur, and the same are present along 
the eastern border. No palaeozoic rocks or dikes were met with. There is 
little iron ore in the town, and garnet is worked at one locality for an abrasive. 

Newcomb has been but partially studied. The gneisses and crystalline 
limestones are widespread; the folding of the latter has been an important 
factor in producing the lake basins in the central part of the town and in de- 
termining the water courses. The anorthosites and gabbros make up the 
eastern third of the township. No palaeozoic rocks or irruptive dikes have 
been observed in the town. In the vicinity of lakes Sandford and Henderson 
are extensive iron mines. These mines were opened at the village of Mc 
Intyre and bloomeries established about 1835, by the late Hon. Archibald 
McIntyre. A very complete history of their workings, with a description of 
the ores, analyses, and a map of the mines, are given. The amount of ore in 
sight is enormous, and though highly titaniferous, it is thought that it may be 
profitably worked with the revival of the iron demand and an improvement 
in shipping facilities. 

The geologic notes made upon the separate townships are often in con- 
siderable detail, involving careful analyses of rock structure and derivation. 


Thickness of the Lower Silurian Formations along West Canada Creek and 
the Mohawk River. 


By Cuaries 8. Prosser and Epear 8. Cumrnes. 


The writers here consider in extenso the rock sections exposed in the 
gorge of the West Canada creek at Trenton Falls, at Newport and at Little 
Falls. 

These sections have all been previously studied by other observers, some 
of them frequently, and not always with concordant results. In this paper, 
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both measurements of thickness, and identification of species of fossils haye 
been made with care, and while the conclusions are not in complete harmony 
with already expressed opinions, they doubtless afford a more vrecise knowl. 


edge of the formations considered. 


PALAEONTOLOGY. 
Note on the Discovery of a Sessile Conularia. 
By R. Rvepemann. 


This important paper by Dr. Ruedemann, who contributed to the report 
of last year an interesting memoir on the Graptolites, is based upon the study 
of some obscure organisms found in the Utica slate at Dolgeville, N. Y. 
Portions of this paper have already been published during the past year in 
the American Geologist, and they make so significant a contribution to our 
knowledge of the fossils of this State that, with the author’s consent, these 
portions are here reproduced with their accompanying plates. To these are 
added further observations and illustrations. As a result of this study much 
hi 


but little understood organism, Conularia, in regard to whose taxonomic 


ht is thrown upon the nature and mode of development of this wide-spread 


oe 
Dd 


position there has been a widely diverse expression of opinion. 


A Discussion of Streptelasma and Allied Genera of Rugose Corals. 
By James Hatt. 


The genus Streptelasma has never yet been clearly defined, and thus the 
nomenclature assigned to it has been one of general and conventional use. 
The entire group of American species which have been referred to this genus 
are here brought together and their structural characteristics carefully 
analyzed. It has been found that the term Streptelasma must be carefully 
restricted to forms like the S. corniculum, Hall, of the Trenton fauna. Deyvia- 
tions from this type of generic structure are here recognized under distinct 
designations: Thus the S. mammifer, Hall, of the Upper Helderberg lime- 
stone, S. caliculum, Hall, of the Niagara group, and S. rectum, Hall, of the 
Hamilton shale, are each made the type of a distinct genus. A new form 
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from the Trenton limestone is described as Streptophyllum cystosum. A new 
species from the Hamilton group is, as Lopholasma carinatum, made the type 
of a new genus. The Petrata Hanningani, of Safford, is likewise made the 
type of a new genus. The genus Dwncanella, Nicholson, is also reviewed, 
additional structural features determined, and some new specific forms 
described. The paper is accompanied by a lithographic plate and numerous 
text illustrations 


The Palaeozoic Hexactinellid Sponges Constituting the Family 
Dictyospongide. 


Part I. 


This work was communicated with the annual report of last year, but on 
account of its necessarily extensive illustration, the State printer was deterred 
from producing it. The appreciative co-operation of the Wynkoop Hallenbeck 
Crawford Company, the present State printers, and the endorsement of the 
Hon. James A. Roberts, Comptroller of the State, have made its publication 
at this time possible. It is proposed to present with this report that portion 
of the work concerned with the general introductory discussion of the nature 
and structure of these interesting fossils, and the description of such species 
as are known to occur in the Silurian and Devonian formations. This will be 
followed, in the next annual report, by accounts of other representatives of 
this family occurring in the faunas of the lower Carboniferous formation. 
This arrangement will make possible the publication of the one thousand 
separate copies of this monograph which are called for by Chapter 932 of the 
Laws of 1895, without serious delay. 

The Dictyospongide constitute a family of thin-walled, reticulate, siliceous 
sponges whose life, so far as known, was restricted to palaeozoic time. The 
first of these fossils to be described was regarded as a Cephalopod and termed 
fydnoceras (Hydnoceras tuberosum, Conrad. Journal Philadelphia Academy 
Natural Science, vol. viii, 1842); subsequently this and other species were 
interpreted as remains of marine algz and a few species from the later 
Devonian rocks became pretty well known to collectors of New York State 
fossils. Their real nature was recognized about fifteen years ago by Prof. 
R. P. Whitfield, from the study of specimens found in the soft calcareous 
shales of Crawfordsville, Indiana, which retained the spicular skeleton of the 
sponge in the condition of iron pyrites. 
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In this memoir an effort has been made to bring together all that is now 
known concerning this remarkable family. The work is based upon the 
result of more than fifty years of care and watchfulness in securing the mate- 
rial which is here illustrated, and more than once during this period it has 
seemed as if the end of these resources had been reached, but in every case 
new forms have come to light. Explorations carried on in late years, in the 
Chemung rocks of this State, especially by Mr. E. B. Hall, of Wellsville, 
Allegany county, have shown a most surprising development of these 
fossils and we have good reason to believe that, notwithstanding the fre- 
quent occurrence of living hexactinellid sponges in existing seas, the 
Chemung period was the time of culmination of the entire order Hexac- 
tinellida, to which this family belongs. At the present time more than 
seventy species of these Dictyosponges have been recognized in the Chemung 
fauna alone, and we have been able to locate areas where they grew in 
colonies or plantations on the sea bottom of that ancient period. In previous 
faunas they were much fewer, and in those succeeding the Chemung, they 
continued for only a brief period, though with most interesting manifestations 
of form and structure. This memoir will embrace descriptions and illustra- 
tions of over one hundred and twenty species, at present recognized under 
twenty-nine genera. 


Very respectfully, your obedient servant, 
JAMES HALL, 
State Geologist and Palaeontologist. 


GEOLOGICAL SURVEY OF THE STATE OF NEW YORK. 


(GEOLOGIC MAP.) 


THE STRATIGRAPHIC AND FAUNAL RELATIONS OF THE 
ONEONTA SANDSTONES AND SHALES, THE ITHACA AND 
THE PORTAGE GROUPS IN CENTRAL NEW YORK. 


JAMES HALL, | JOHN M. CLARKE, 
State Geologist. | Assistant State Geologist. 


1895. 


James Haut, State Geologist. 


Srr:—The report herewith submitted is in continuation of that made 
by me in the Thirteenth Annual Report, and concerns the inter-relations of 
the various geologic deposits laid down during Portage time, especially as 
developed through the central region of the State. The stratigraphy and 
faunal succession in Chenango county, west of the Chenango river, have been 
previously discussed in some detail. Here I have endeavored to correlate 
those observations with such as have since been made further westward 


through the counties of Cortland, Schuyler and Yates. 


Respectfully yours, 


JOHN M. CLARKE. 
Apany, January Ist, 1896. 
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The Stratigraphic and Faunal Relations of the Oneonta 
Sandstones and Shales, the Ithaca and the Portage 
Groups in Central New York. 


By Joun M. Crarke. 


In the Thirteenth Annual Report of the State Geologist, dated 1894, 
the writer communicated the preliminary results of observations made in 
Chenango county, with especial reference to the westward extension through 
that region of the barren sandstones, red and green shales constituting the 
Oneonta beds, as defined by the late Lardner Vanuxem. Sufficient evidence 
was there brought forward to show that westward of the Chenango river 
this group of beds, so important economically for its high-grade sandstones 
and so strikingly characterized by the brilliant coloration of many of its softer 
beds, rapidly thins out. Even before reaching the western limit of Chenango 
county the last positive evidence of it has disappeared. The Genegantslet 
creek, a considerable water course rising in the high land of Pharsalia town- 
ship and flowing almost due south into the Chenango river, gives a number 
of instructive sections which offer a clew to the mode of its disappearance. 
The entire mass of this distinctly eastern sediment does not thin to a-single 
edge. Between it and the contemporaneous sediments of the fossil-bearing 
Ithaca group, which predominate in western Chenango county, there was a 
constant oscillation and a mutual encroachment; consequently the rock 
sections show recurrences of Oneonta conditions after the main body of such 
deposits had been left far below. Thus, in the village of Greene, on Bird- 
sall’s brook (Station M, Report of 1894), a section lying almost as low as the 
river level in the Chenango valley, the characteristic Oneonta shales and 
sands, with their reds and greens, are well shown. But northward along the 
Genegantslet, flowing through high lands well elevated above this spot are 
repeated evidences of such highly colored beds, separated from those beneath 
by intervals of fossiliferous rocks. At Station N, two miles north of Greene 
on the highway to Smithville Flats, are fossiliferous shales, 150 to 200 feet 
higher than the beds at Station M; at Station O, two and one-half miles north 
of Smithville Flats and considerably higher in the section, are again green shales 
and sands with fish remains, a repetition of the Oneonta sediments, together 


with shaly layers bearing fossils. Still further north, a short distance south 
31 
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of the village of McDonough, and still higher in the section, are fossil-bearing 
rocks, and in the town of Pharsalia (Stations T, T’, T°), at about the same 
elevation in the section, there lies, above certain fossiliferous beds, a peculiar 
fawn-colored cavernous sandstone which reproduces an Oneonta character, 
inasmuch as a similar rock has been elsewhere observed, only with typical 
Oneonta sediments at Station E, near Norwich. Westward of the Gene- 
gantslet valley, evidences of these Oneonta beds may exist for a short distance 
into the divide between the Genegantslet and Otselic rivers, but they have 
not been observed in the valley of the latter stream. Traces of such red and 
green beds may naturally be expected westward in Cortland county, inter- 
calated among the deposits properly belonging to the Ithaca group, but none 
have been seen by me. Such instances as those quoted serve to show that the 
Oneonta deposits disappear westward both by thinning and recurrence, not 
contracting to a single edge, but dovetailed by a number of edges or long 
planes into the sediments bearing the Ithaca fauna. No recurrence of these 
beds in the easterly region, where their development is pronounced and 
typical, has been recorded. 

In the region along the Chenango valley, where the Oneonta beds have 
not been penetrated by the straggling representatives of the western fauna, 
opportunity is afforded of studying closely the important question as to the 
composition and nature of the fauna succeeding the body of the Oneonta 
deposits. This matter has already been referred to in my preliminary report, 
and since then additional evidence has come into my hands which I shall take 
the opportunity of presenting at this point. 

In the report referred to, attention was called to the outcrops on Juliand 
hill (Station K) in the village of Greene. The first exposure here is about 
150 feet above the Chenango river and not less than 100 feet above the top 
of the Oneonta beds as exposed on Birdsall’s brook. Several species were 
recorded from the various exposures on the hill, which individually and collee- 
tively give a decided Chemung expression to the fauna. The principal of 
these were: Schizophoria impressa; Atrypa reticularis, very large form; 
Liorhynchus globuliformis ; Leptostrophia perplana, var. nervosa.’ 1 take 
occasion to correct, with the help of added material, two identifications then 
made, namely: Spirifer mesastrialis and Productella ef. lachrymosa. The 
former of these proves to be a varicose, narrow-winged shell of the S. mucro- 
natus type, strikingly near the normal form of the species as it occurs in the 
Hamilton group. Further notice will be taken of it presently. The other 
species is a rather large form of Productella speciosa. 
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The desirability of having this Juliand hill section more fully elaborated 
has led me to request Mr. F. H. Williams, of Greene, a very careful observer, 
to collect the desired data for me. Mr. Williams, at the expense of some time 
and no little labor, most cordially responded to my application, collecting with 
much care from all exposures, not only on Juliand hill, but also on the 
neighboring Cowles hill, and in a ravine known as Flag Gulf, about three 
miles south of Greene. 

It will be observed that these sections serve to fortify the conclusion 
previously drawn in regard to the character of this higher fauna. Certain 
Chemung traits are evident therein, notwithstanding both the absence of some 
distinctive Chemung types and the presence of some continued Ithacan features 
The fauna is doubtless one of those passage groups which, in easy rock sue- 
cessions, cannot. be referred with precision to either the preceding or the 
following fauna except upon a careful weighing of the predominant traits. 
Here the majority of organic characters points to a closer alliance with the 
later (Chemung) fauna than with that which has been left below.* 

Juliand Hill. (Figure 1.) 

The first outcrop (A) is at an old quarry 150 feet above the Chenango 
river, probably 75-100 feet above the Oneonta green sands and shales exposed 
on Birdsall’s brook, Greene (Station M, Report 1894). The rock is a flaggy 
gray sandstone, with the following fossils : 

Atrypa reticularis. 'This isthe very large, expanded and gibbous form 
common at certain Chemung horizons in the western counties. It is here 
abundant and associated with smaller specimens of relatively coarser plication ; 
undoubtedly young forms of the same variety. 

Tentaculites spiculus. 

Spirifer mucronatus var. A diminutive form, short winged, faintly vari- 
cose and with but a trace of the median plication at the bottom of the sinus. 
It is a distinct departure from any expression of this species occurring in tke 
Hamilton group, and is probably identical with the variety posterus. 

Actinopteria eta. 

Goniophora sp. 


* Sueh introductory fannas, preceding the culmination of a given organic assemblage, though they may embarrass the sub- 
division of sedimentary formations and obscure lines of demarkation, especially where, as in this State, the succession is 
undisturbed, yet involve many importantt questions pertaining to the history of organic life and the bathymetry of ancient seas. 
In another place the writer has used the expression, prenunczal fauna, for one which appears abruptly and in partial deyelopment, 
and after 4 brief sojourn disappears, to reappear in the same vertica! section after a considerable interval andin full form. Thus 
the fauna of the Genundewah or Styliola limestone of the Genesee beds in western New York is prenuncial of the Naples fauna, 
from which it is separated by a mass of bituminous shales, with but few fossils, and those of but little similarity to the members 
of adjoining faunas, For an introductory fauna which heralds the incoming of a new organic association and passes gradually, 
without interval or interruption, into that culminant assemblage, the term proemial fauna may appropriately be used. 


3 


34 Report oF THE STATE GEOLOGIST. 


Poteriocrinus sp. 

B, a short distance above, exposes avout fifteen feet of a sandy shale with 

Schizophoria impressa, very large and highly convex: abundant. 

Atrypa reticularis, as above ; common. 

Spirifer mucronatus, small variety, as above. 

Leptostrophia perplana var. nervosa. 

This shell is somewhat smaller and of less irregular form than in its 
occurrence in the Chemung of the southwesterly counties. This difference in 
the early and later forms of this variety has already been adverted to by 


JULIAND HILL 
Greene NY. 


From a section furnished by 


F.W. Williams 


FIGURE 1. 


Professor H. 8. Williams, who speaks of the Chemung form as the “coarser 
and more irregular.” 

Tentaculites spiculus. 

Actinopteria eta, common. 

At C and C’, fifty feet higher, are two exposures of sandy shale separated 
by about six feet. 

Schizophoria impressa, as above ; common. 

Atrypa reticularis, as above ; common. 

Productella speciosa, common. 

Actinopteria eta. 

Microdon gregarius. 

Spathella typica. 

Grammysia elliptica. 

Bellerophon Maera. This shell is somewhat smaller than the usual form 
of the Chemung fauna, and its surface pustules do not always extend to the 
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aperture; in some specimens a considerable portion of the apertural part of 
the body whorl is smooth. : 

Cyclonema multilira (obsoletum ?). 

D, fifteen feet above, affords an exposure of two to three feet of flags 
with : 

Stropheodonta demissa, large and fine examples of the characteristic Che- 
mung form with finely divided plications, obliquely undulated cardinal slopes 
and extended cardinal extremities. 

Atrypa reticularis, as above; common. 

Schizophoria impressa, with ventral valve highly arcuate. 

Productella speciosa. 

Actinopteria eta. 

Cryptonella. 

E, at the summit of the hill, twenty feet above, contains: 

Atrypa reticularis, as above. 

Liorhynchus globularis. The original specimens of this species of Van- 
uxem’s seem to have come from Otsego county. Iam not aware that the 
species has been recorded in faunas of whose Chemung age there is no 
question. : 

Tentaculites spiculus. 

This is a repetition, with some important additions, of the fauna pre- 
viously made out by me in these rocks. The top of the hill hes about 300 
feet above the Chenango river and the rock section here given is, thus, through 
150 feet, approximately. 

Cowles Hill. (Figure 2.) The section at the Cameron quarry, in this 
hill, has been referred to as Station L of my preliminary paper. Mr. F. H. 
Williams has examined the entire section from this old quarry, mentioned by 
Vanuxem in his report of the Third district (1842), and which lies near the 
base of the hill, upward to its summit, an interval of about 350 feet. Cowles 
hill hes in the southwest portion of the village of Greene and about one-half 
mile due south of Juliand hill. 

1. The Cameron quarry, approximately 100 feet above the Chenango 
river. Here, at the base, are ten feet of compact sandstones, with a concre- 
tionary layer near the top, and above, in the same exposure, forty feet of 
arenaceous shales. 

The fossils collected are : 

Tentaculites spiculus. Vanuxem refers to the abundance of Tentaculites 


at this spot. 
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Microdon gregarius. 

Grammysia elliptica. 

Actinopteria eta. 

Atrypa reticularis, large, as above. 

Schizophoria impressa, large, as above. . 

Spiriter mucronatus. This is a form of the species which presents the 
characters normal to the typical form; delicately varicose surface, well 
defined median plication at the bottom of the sinus, and narrow, considerably 
extended wings. 

Cyrtina recta. 

Spiriter mucronatus. ‘The small, short-winged variety mentioned above. 

Productella speciosa. 

Liorhynchus globuliformis. 


[eee A. Gxmeron Quarry } 
A00 ft. oboe twer (appres) COWLES HILL 
-Greene, N.Y. 
Sectvow furnished by FH Willkame 
FIGURE 2. 


2, Is ninety feet higher up; sandy shales, containing: 

Atrypa reticularis, very abundant. 

Schizophoria impressa. 

Liorhynchus globuliformis. 

Spiriter, mucronatus, both the normal form and the variety above men- 
tioned. 

3. Calcareous and arenaceous shales, sixty feet above. 

Spirifer mucronatus. The small variety above mentioned ; abundant. 

Schizophoria impressa, large. 

Productella speciosa. 

Atrypa reticularis, large. 
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Stropheodonta demissa, the Chemung variety. 

Liorhynchus globuliformis. 

Leptostrophia mucronata. 

Spirifer levis. 

4, Is 175 feet higher and twenty-five feet below the summit of the hill. 
The rock exposed consists of sandy shales, with some. soft olive shale inter: 
calated. Fossils are apparently abundant, and the following have been iden- 
tified : 

Lyriopecten cf. interradiatus. This shell is usually of small size and, on 
the whole, is nearer to the form suggested than to LZ. tricostatus. It will be 
observed that the normal form of the latter species is present in the Flag Gulf 
section given below. The two species differ only in the number of finer inter- 
calary ribs between the principal plications; these in L. interradiatus are few, 
sometimes no more than a single one, but in L. tricostatus they may number 
three to five. The former species has thus far been recorded only from the 
shales of the Hamilton group at Fultonham, Schoharie county, while Z. t?- 
costatus, though generally found in the normal Chemung fauna, occurs in 
undoubted Hamilton beds at Summit, Schoharie county, where it is associated 
with Chonetes syrtalis. 

Schizodus Chemungensis. 

Actinopterta of the type of Boydi, eta, etc.; much larger than the pre- 
vailing form of the latter, with very distinct surface characters; probably a 
distinct species. 

Spathella typica. 

Paleoneilo cf. plana. 

Paleonetlo cf. muta. 

Grammysta cf. communis. 

Bellerophon Maera. 

Pleurotomaria cf. Itys ; a variety. 

Schizophoria impressa, as above. 

Atrypa reticularis, as above. 

Productella speciosa. 

Stropheodonta demissa, as above. 

Spiriter mucronatus, both forms as above mentioned. 

Spirifer levis. 

Species of especial interest in the last two localities are Leptostrophia 
mucronata and Spirifer levis. The former is abundant in a thin calcareous 
layer, is uniformly of smal] size, and though without mucronate cardinal 
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extremities, bears all the characters distinctive of the common expression of 
the species in its occurrence through the Ithaca fauna of Cortland, Tompkins 
and Schuyler counties. The mucronate extension of the hinge is by no means 
a persistent feature of typical forms; indeed, the name itself was based upon 
forms in which this extension is but slight, and it is not unusual to meet with 
individuals in which there is no evidence of any lateral prolongation of the 
hinge angle; the condition of the shells at the horizon under consideration. 
But this mucronation of the shell may be carried to a great extreme and afford 
‘unprecedented illustration of such configuration among the stropheodontoid 
brachiopoda. A specimen from Spafford, Onondaga county, 375 feet above 
the Tully limestone and associated with Zornoceras uniangulare, Buchiola 
speciosa, Paracyclas Tirata, ete., bears at each angle a curving cardinal spine 


having fully as great length as the shell itself (Figure 3). Several specimens 


FIGURE 3. Leptostrophia mucronata, Conrad (sp.). Spafford, N. Y 


from that locality all show the same character. Close analysis of this feature 
is needed to show whether its variations possess a definite local or time value. 
Suffice it to say that in all observed specimens from the Cowles hill section 
the shells are small and the angles not produced. 

Of the specimens referred to Spirifer levis, nine have been seen from the 
two stations 3 and 4. These are, for the most part, internal casts, one a cast 
of the exterior affording the superficial characters of the shell, and one or two 
partially exfoliated shells.. Upon careful comparison of these specimens with 
the species as it occurs at its typical locality, Ithaca, involving close analysis 
of all the structural characters that can be made out, there remains but a 
single palpable distinction ; the Cowles hill specimens are uniformly smaller. 
This may be a difference of significance in consideration of the great time 
interval in their appearance, but with a reservation in favor of this point only, | 
I unhesitatingly refer the forms under consideration to that specific type. 

The reappearance of this species is the more interesting as in the Ithaca 
meridian it is best developed at a well-defined horizon near the base of the 
entire Portage sediment, where it is highly abundant, but: strongly localized. 
Professor Williams has recorded its brief recurrence in this meridian after 


CraRKE—OneEonta, IrHaca anpD Portace Groups. 39 


the withdrawal of the Ithaca fauna, about 500 feet higher in the strata.* 
Aside from the oceurrence about Ithaca and that at Greene the species has 
been found, I believe, only at Hait’s quarry near Homer, and (as recorded 
on a later page of this paper) near McGrawville, Cortland county; in both 
instances with but few specimens. 

This reappearance of Spirifer Jevis at an horizon which cannot be less 
than 1,200 feet above its first appearance and most profuse development in 
the rock series of the Ithaca section, and several hundred feet above its last 
appearance in that section, is remarkable and unexpected. Its association with 
Leptostrophia mucronata shows that, as we have already suggested, the Ithaca 
fauna is not yet wholly extinguished, though its relicts are here consorting 
with predominant and more and more emphatic Chemung types. 

Their presence in this association can no more modify our conception of 
the post-Portage age of this fauna than if they were altogether absent, or, 
rather, the fact of their presence here, under certain structural modifications, 
is very evidence of such age. 

Flag Gulf (Figure 4). This is a ravine lymg three miles south of Greene 
on the east side of the Chenango river. The succession of rocks and fossils 
is as follows: 

The lowest exposure (1) is about seventy-five feet above the river and 
consists of gray flags; no fossils observed. | 

Above this are three feet of soft shales (2), followed by four feet of sand- 
stone (3); no fossils were found here. 

At (4) are five feet of flags and shales containing: 

Schizophoria impressa, large form. 

Productella speciosa. 

Spiriter mucronatus, small variety. 

Above (§) are six feet of soft shales with Spirifer mucronatus, small 
variety. 

Leptostrophia perplana, var. nervosa, typical Chemung form. 

Actinopteria eta. 

At (6) are twelve feet of sandy shales with but few fossils, namely : 

Actinopteria eta. 

Goniophora minor. 

Spirifer mucronatus, small variety. 


* Mr. E. M. Kindle, in a publication entitled ** The Relation of the Fauna of the Ithaca group to the Faunas of the Portage and 
Chemung,” (Bull. Amer. Paleontology, No. 6, dated December 25, 1896) mentions the occurrence of this species at an horizon 130 
feet below this upper S. /evis zone (p. 36) and refers to the abundance of the fossil at its later appearance (p. 29). See further note 
on this paper on page 57. : 
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Then follow five feet of shales (7) with 

Schizophoria impressa, large and medium. 

Spirifer mucronatus of typical form, long winged and with varicose 
surface. 

Lyriopecten tricostatus, the typical Chemung form. 

The rocks above this for one hundred feet (8) are covered with gravel; 
then follows an exposure of fifteen feet of soft shales (9) with 

Productella speciosa. 

Stropheodonta demissa, Chemung var., abundant. 

Schizophoria impressa, large. 

Liorhynchus globuliformis, common. 

Atrypa reticularis, large form. 

Actinopteria eta. 


FLAG GULF 


Smiles 6 of Greene, NY. in 
" Section furnished by FHWilliams, za) 


FIGURE 4, 


The next sixty feet above (10) are covered, then follows (11) an exposure 
of about forty feet of flags, sands and shales in an old quarry which was 
worked about sixty years ago. These rocks have afforded | 

Productella speciosa, common 

Schizophoria impressa, as above. 

Spiriter mucronatus, norma, 

Liorhynchus globuliformis. 

Atrypa reticularis. 


Lyriopecten tricostatus, as above. 
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Bellerophon Maera. 

From this quarry it is about seventy-five feet to the top of the hill, and 
the exposures in this distance have not yet been examined by Mr. Williams. 
The total height of the hill proves from the measurements given in this sec- 
tion to be about 400 feet. 

It is clear that the same fauna permeates all these sections. If we allow 
150 feet. for the southerly dip of the rocks in the interval of three miles 
between Juliand hill and Flag gulf, the lowest outcrop on the former will be, 
approximately, just below that first appearig in the Flag gulf, so that our 
former section is essentially reproduced in the latter, with an upward addition 
thereto of 250 feet. These consecutive sections give us evidence of a Chemung 
fauna antedating the Spirifer disjunctus fauna, and extending through at least 
400 feet of strata. 

It is necessary to observe that the lower horizons of this essentially 
homogeneous fauna lie no higher above the Oneonta beds than do some of the 
smaller, quite distinct faunules which manifest themselves at intervals in the 
hills bounding the Genegantslet creek, northward to the village of McDonough. 
But all of the latter are much less firmly characterized by such distinctive 
Chemung types. In these outcrops are observed such species as the following: 
Spirifer mucronatus var. posterus, Grammysia elliptica, Sphenomya subcuneata, 
Leptodesma Rogersi, Leda diversa, Camarotechia congregata, Goniophora 
subrecta, ete., none actually suggesting a Chemung fauna. In this region, 
however, we are approaching the vanishing western edges of the Oneonta 
formation. At Greene the evidence is very clear that the Oneonta forma- 
tion is directly followed by the introduction of a Chemung fauna, and hence 
occupies the position which I ascribed to it in my preliminary report, replac- 
ing the upper part of the Portage beds and representing, in this region, the 
closing stages of Portage time. 


Explanation of Geologic Map t. 


Tully Limestone. 


Previous maps representing the outcrop of this formation have given 
only the northern exposures through the central portion of this region. In 
the southern towns of Onondaga county, Tully and Fabius, the best known 
of these outcrops are in the vicinity of the Tully lakes, and at Tinkers Falls. 
The outcrop bends thence southward into the town of Cuyler, Cortland 
county, along the eastern branch of the Tioughnioga. river, and may be 
traced on the west side of the Tioughnioga valley through the town of 
Truxton and almost to the township line of Homer. On the east side of this 
valley it extends nearly as far to the south-west, bending southeastward for a 
short distance up the valley of Cheningo creek, where it is exposed on the 
north side, but was not observed on the south side of this valley. An excel- 
lent exposure at Station VII, Tripoli brook, three-quarters of a mile north- 
west of Cuyler village, is described more fully in the following pages. 

It is seen at several places in the town of DeRuyter, Madison county, 
along the south slope of the same valley, passes over the watershed between 
that and the Otselic valley, probably extending as far southward on the latter 
as the village of Otselic, Chenango county. It is thence continued in the 
direction of Smyrna and, as stated by Vanuxem, 8. G. Williams and Prosser, 
disappears by thinning at about one and a half miles northwest of that vil- 
lage, in the Chenango valley. “At only the station cited does the exposure 
give a clear section of the entire formation, measuring about eighteen feet. 
The exposures in the town of DeRuyter are of portions of the beds only. 

East of Keeney Settlement, near the north line of Cortland county, the 
limestone bounds an outlier, extending north into Fabius, east to the Madison 
county line, and south to the Tioughnioga. 


Genesee Slate. 


This formation is exposed at but a few points. It was observed on 
Tripoli brook (Station VII*), where about ten feet are shown, and near De- 
Ruyter (Station I) to a thickness of eight feet, the upper portion probably 


being covered. Toward the east it rapidly thins out, disappearing not far 
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west of the village of Smyrna, though, as determined by Prosser, it can be 
traced somewhat eastward beyond the vanishing point of the Tully limestone. 


Sherburne Sandstones. 


In adopting this term of Vanuxem’s, I follow the suggestion of Pro- 
fessor Prosser, who points out the fact that these beds of sandstones, flags 
and sandy shales are continuous from the Chenango river westward at least 
as far as the meridian of Cayuga lake. Their lithologic character together 
with their notable paucity of fossils permits the identification of them still 
farther westward. ‘The heavier beds, lying at the base of the Portage series 
in Seneca and Yates counties, indicate an extension of this division into more 
westerly regions; but with the growing predominance of the typical Portage 
or Naples fauna over that of the Ithaca group, the individual character of 
the deposits here becomes gradually lost. In the region, however, between 
the Tioughnioga and Chenango rivers, it is a well-defined formation, standing 
in sharp contrast to the Tully and Genesee beds beneath and to the beds 
immediately overlying, which contain the reappearing and modified fauna of 
the Hamilton group. 


Ithaca Group (lower division). 


The rocks which are properly included within the Ithaca group of 
Vanuxem are here represented in two colors, as there is, for this region 
at least, a ready distinction in the faunas of the lower and upper beds. 
From the detailed description of the sections of these strata given in the 
following pages it is seen that the lower division, which is on the whole less 
arenaceous than the upper, contains strongly developed faunal characters of 
the Hamilton group, a fact clearly brought out by the observations of both 
Professor Prosser and the writer at North Norwich, Norwich, South Otselic 
and Pitcher Springs, in Chenango county. 

Thus at Stations A and B, of my preliminary paper, in the east-west 
section from Norwich toward Preston, are such characterizing species as 
Phacops rana, Homalonotus DeKayi, Bellerophon patulus, Athyris spiri- 
feroides, and Spirifer audaculus, in addition to which are many other species 
of the Hamilton fauna which extend into the higher beds of the Ithaca forma. 
tion. At South Otselic (Station III), these beds are admirably exposed. 
Directly overlying the fucoidal layers of the Sherburne sandstones are compact 
_ dark shales with a small association of certain Hamilton species not abundantly 
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represented in the Ithaca beds elsewhere: Hyolithes aclis, Strophalosia 
truncata, Pholidops Hamiitonie, Lingula ligea, var. (Hall), and some others. 
Above these beds comes in a more extensive and pronounced Hamilton fauna 
containing Phacops rana, Spirifer mucronatus (the Hamilton type of the 
species), Spirifer asper, Atrypa reticularis (large and finely plicated), ehipid. 
omella Vanuremi, Actinopteria Boydi (strictly the Hamilton form), and some 
others of wider range into the higher beds of the group. While we may speak 
of these associations of fossils as recurrent appearances of the Hamilton fauna, 
this is not an accurate expression, for there appear associated with such 
species as the above, others which serve to demonstrate that this fauna lying 
above the lower Portage beds (Sherburne sandstones) is a Hamilton fauna 
modified by the introduction of certain species and variations foreign to the 
normal fauna of the Hamilton group. One of the most striking witnesses of 
this modification is the presence of Leptaena rhomboidalis, found at Station IT; 
of a large and abundant new species of Cyrtina; of Potertocrinus gregarius, 
Actinopteria zeta and A. perstrialis. 'The association of species is constantly 
varying through the different horizons of these rocks; some of them are 
restricted in their range, e.g. Phacops rana, Homalonotus DeKayi, Spirifer 
asper, and the fossiliferous horizons were generally widely separated by inter- 
vals of barren rocks. It is noteworthy that the species Phacops rana and its 
associates, which evidence strong Hamilton characters, are less abundant 
and much more sharply restricted in the Otselic valley sections where the 
whole series is separated from the true Hamilton beds below by the Genesee 
shale and Tully limestone, than in the Chenango valley, as at North Norwich 
and Norwich, where those beds have totally disappeared from the section. 


Ithaca Group (upper division), 


The distinctive difference in the lower and upper faunas of the Ithaca 
group is due to the introduction of Spirifer mesastrialis, So far as my own 
observations extend, and I believe they are confirmed by those of Professor 
Prosser, this species does not appear in the lower beds. Its first appearance 
at South Otselic was found by Prosser at 585 feet above the valley, which is 
essentially the same distance above the top of the Sherburne sandstones. Its 
associated fossils have more or less strongly developed Hamilton characters as 
shown by the species recorded from sections in the village of Cincinnatus, 
Cortland county (Station V, 1894); near Pitcher, Chenango county (Station 
T); at Solon, (Station VID); in the vicinity of McGrawville (Station LX?) ; 
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north of Marathon (Station XI); and near Lisle, Broome county. (Station 
XII). 

In their upper portion these beds become distinctly more arenaceous, the 
fossiliferous horizons more widely separated. The difficulty of making a 
well-defined line of distinction between these upper beds and the formations 
of the Chemung group has already been mentioned. So far south as the 
formations have been traced by me in the Tioughnioga valley, no satisfactory 
evidence of a Chemung fauna has been observed. The fauna found at Lisle 
indicates the presence of the Ithaca fauna, and my observations have not 
extended south of this point. Professor Prosser reports Dictyophyton and 
other Chemung fossils at Whitney’s Point, three miles below. 


Oneonta Group. 


The attempt has been made to represent upon the map the relation of 
this group to the Ithaca group as explained in the introductory pages of this 
paper. On the Chenango river the red and green shales and sands rest upon 
beds which rarely contain Spirifer mesastrialis, Westward these beds 
disappear by thinning, dovetailed into the edges of the upper Ithaca beds, 
and at Greene we doubtless have actual superposition of a Chemung fauna 
upon the Oneonta beds. 


The Historical and Actual Significance of the Terms, 
“Ithaca Group” and “Ithaca Fauna.” 


It is quite essential to acquire a clear conception of the precise footing 
upon which the terms Jthaca group and Ithaca fauna now rest in the New 
York nomenclature, in order to fully apprehend the difficulties of applying 
either in the region eastward of the Ithaca meridian. 

The name Jthaca group was first used by Professor James Hall (1839), 
In discussing the geologic formations of Tompkins and Chemung counties, in 
the Third Annual Report of the Fourth Geological District (pp. 318-322), 
the account given of this formation and its distribution is so full that I 


reproduce it here in its entirety. 


‘‘The Ithaca group follows the rocks last described [the shales and flags immediately overlying 
the Genesee slate]. Like the preceding, it consists of alternations of shale, both slaty and compact, 
and argillaceous sandstone, but differs from it in the contained fossils, and in some particulars of its 
lithological character. It sometimes contains thin layers of impure limestone, the calcareous matter 
arising principally from the contained shells. This group is well characterized in Ithaca at the inclined 
plane of the railroad; it extends also much above the rocks here visible, attaining a much greater 
thickness, as can be seen in the valley of the Chemung, south of Seneca lake. In the rocks of this 
series individuals of two species of ferns have been found, precursors of the great abundance of that 
tribe in the coal formation; and among the many testaceous fossils are Producta, Leptena, Orthis, 
Pterinea, ete. These diminish farther west, a few only of the more characteristic occurring on Seneca 
lake. 

‘‘ With the deposition of the Tully limestone the family of trilobites ceased to exist, yet we find 
with the characteristic fossils of this group the buckler of Dipleura Dekayi and Calymene bufo, with 
other fossils which lived at the period of the deposition of the Moscow and Ludlowville shales. 
These fragments, being the lighter part of the animal, were floated upwards with the detritus of the 
lower rocks and deposited at this era. Similar instances occur in some of the lower rocks, but the 
occurrence of such fossils is not to be considered as characteristic of a rock, or as evidence of their 
existence at the time of its deposition. 

‘* At Hector Falls, and above, we find about four hundred feet of this group exposed; the lower 
part contains the ferns of Ithaca, and above some of the other fossils. At this place we find a few 
thick layers of sandstone, very compact and firm, which have been quarried by Mr. Lawrence. Few 
durable building stones are found in this county, if we except this sandstone, which, however, is little 
used. It furnishes the fine flagstones used in Ithaca and elsewhere. In general characters it differs but 
little from that of the group below, but Fucoides are found in greater quantities on the surface, many 
stems of which attain a diameter of two or three inches. One species, the most abundant, occurs on 
the under side of the layers, as if growing on the bottom of mud and clay, when overwhelmed with the 
inundation of sand. This species is always straight or anastomosing at various angles, sometimes pre- 
senting imperfect reticulations, and at other times a fancied resemblance to a bird’s foot. It occurs on 
many layers through a considerable extent, though separated by thick masses of shale. The surface of 
most of the layers is smooth, or even glazed with a thin coating of shale, which appears to have flowed 
over it, leaving marks of unequal deposition and little ridges or prominences where the paste was less 
fluid. The deposition of these shales and sandstones progressed slowly, considerable time having 
e‘apsed between the deposition of the different layers, and in some instances a lower stratum became 
partially indurated before the succeeding deposit was made. There are numerous proofs of the general 
operation, and in particular of the latter, where we find, near Jefferson, the surface of a layer worn 


smooth and grooved, as if by a current, transporting some hard body over it. The scratches do not 
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present the roughness of alluvial scratches, but appear to have been made before the rock was entirely 
indurated, or else they have been modified by the deposition of shale which succeeded. In this instance 
I have not been able to ascertain the direction of the current, though it was probably from the north, 
and like all other currents in the ancient seas, took the direction from the greatest elevation to the 
lowest point. 

“In some localities the sandstone is replaced by a kind of sandy shale, being a mixture of sand 
and clay, and the whole is rippled, the markings affecting each thin layer, and showing that it was 
deposited from water in motion, which might transport from different directions the two materials of 
the rock. This group appears to have been deposited from an ocean alternately at rest aud disturbed. 
Thick masses of sandy shale occur, bearing ripple marks through their whole depth; these are succeeded 
by others of variable thickness, without ripple marks, and having the faces smooth and plain. 
Numerous alternations of this kind have been noticed through many hundred feet. Fossils never 
accompany the rippled layers, but are invariably found with the smooth. The materials of the two 
differ very slightly in mineral composition, the rippled ones being more sandy. The absence of fossils 
in the latter may be explained by supposing the unquiet state of water during the deposition of the 
rippled shale to have been unfavorable to the development of organic life. So far as I have observed 
in this and other localities, the greater accumulation of fossils is always accompanied by fewer ripple 
marks. 

‘“‘The changeful state of our planet at that period may have occasioned numerous risings and 
sinkings of the crust, some portions of which may have been disturbed oftener than others, one under- 
going the oscillatory movement while another was at rest. This may be considered proved from the 
fact that undulations are exhibited in some localities, while a distance of a few miles shows a plane and 
undisturbed surface. Thus the undulations of the rocks on Seneca lake have not been communicated 
to those on the western shore of Crooked lake, although the latter are part of the same mass, separated 
only by a distance of ten or twelve miles. The valley of Crooked lake could have had no influence in 
interrupting the motive force, as probably at that time it was not excavated; and farther south we find 
other undulations of which the counterparts are exhibited on each side of the valley. 

“These uplifting movements would form bays or protect some portions of the sea where animals 
might exist in great numbers, while every other part for miles in extent were too unquiet for the 
development or preservation of animal life. 

“‘In numerous localities of these rocks the edges of strata, when exposed in ravines and other 
places, are found covered with crystals of sulphate of lime. This circumstance is by no means universal 
among the shales below, although observed in some localities, while in the present group there are few 
exceptions. Pyrites in minute particles are everywhere disseminated, decomposing on exposure and 
hastening the destruction of the rocks, while the sulphuric acid combines with the minute proportion 
of lime which they contain, exhibiting the crystals along the edges. Wherever larger masses of pyrites 
occur we find a proportionate increase in the quantity of sulphate of lime. Similar conditions in some 
of the limestones below have produced a mass of gypsum, filing the cavity previously occupied by the 
pyrites; and analogous circumstances, varying in extent and effect, may have formed the vast 
gypsum beds of the same series, extending throughout the whole of western New York. The latter, 
however, could only have occurred before the entire induration of the surrounding rocks. 


‘““CHEMUNG COUNTY. 


“In this county the group last described forms the surface’rocks of the northern towns, and in the 
ravines and valleys extends south to the southern line of the towns of Veteran and Catlin. The rocks 
here retain most of their essential characteristics, but fossil shells are exceedingly rare, and in many 
localities entirely wanting. The peculiar fucoidal markings are everywhere preserved in the thin layers 
of sandstone. The rocks of this group are well developed in Gulf creek, near Jefferson, at the head of 
Seneca lake, and at many points south on the west branch of the valley and the ravines coming into it. 

‘From Jefferson to Millport the rocks dip south, exhibiting throughout continued alternations of 
shale and sandstone, and towards the upper part the compact shale is covered with fragments of a 
Fucoid, different from those below, and appearing only in curved fragments. 

‘Tn the vicinity of Millport and farther south the sandstone layers attain a thickness of a foot or 
more, and are quarried for works on the canal and various other purposes, and at Pine valley the sandy 
layers of the rocks are quarried in two places. Mr. Sexton, the owner of the last, informs me that the 
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firmest layers of sandstone often pass into shale so as to be unfit for any economical purpose. This 
appears to be unlike the thinning out of the layer, but the proportion of argillaceous matter becomes so 
great that the mass crumbles on exposure. ; 

‘¢ At the last-named quarry I observed the singular fact of non-conformable strata, as yet the only 
instance noticed, and which various circumstances seem to render incredible. The strata are parts of 
the same mass, once continuous, the lower dipping south at an angle of four or five degrees, and the 
upper dipping north at about the same angle; and a short distance farther south the whole mass dips 
north. The only explanation that now offers is that at the time the rocks were subjected to the force 
which produced the undulations the upper part slipped over the lower, and at this point partook of the 
elevation south, while the lower was affected only by the uplifting to the north. The point of the 
greatest depression is a short distance south of this locality. In this quarry was found the only speci- 
men yet seen of a fern of the genus Sphenopteris, and through the liberality of Mr. Sexton, to whom I 
am farther indebted, I am enabled to place this specimen in the collection of the State. With the 
exception of the curved fragments of Hwcoides, the upper part of this group is nearly destitute of 
fossils.” 


This description of vertical extent of the /thaca group, though not giving 
a definite conception of its lower limit, specifically carries its upper limit so 
far south as to include the heavier sandstone beds at Millport and further 
south. Our evidence now points to the fact that these sandstones are contin- 
uous with the typical Portage sandstones of the Genesee valley. The expo- 
sures near Millport are of these sandstones; Jefferson is the former name of 
the village of Watkins, and the rock section there is essentially reproduced 
in the Havana glen section given in detail in the following pages. All this 
region of country, then a part of Chemung county, now constitutes a part of 
the county of Schuyler. 

The historical Jthaca group is thus the sedimental equal of the major 
part of the entire Portage formation. Professor Hall’s description, while 
showing the lithologic similarity of the Jthaca group to those beds along 
the Genesee river to which he subsequently applied the names Cashaqua 
shales, Gardeau flags and Portage sandstones, also suggests a critical difference 
in fossil contents though without citing such data as can serve the require- 
ments of the present day. 

In subsequent reports of geologists Hall and Vanuxem, the Jthaca group 
was not similarly construed. Vanuxem, in his Fourth Annual Report (1840), 
p- 381, places the Jthaca group between the “Sherburne Flagstone” and the 
“Chemung group,” saying: “Consisting of sandstone and shales, forming a 
thick mass, highly fossiliferous. Names not | yet] given to the fossils. The 
top part of this mass terminates in a series of these sandstone flags with 
fucoides resembling those below the group, and which separates the succeed- 
ing group from the Ithaca.” This view accords with the original definition 
of the term. 

In his report for the same year Professor Hall made.no further reference 
to the Jthaca group except to include it in tabulations of the New York for- 
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mations given on pp. 452, 453. On the former it is placed between the 
“Cashaqua shale” and the “Gardeau and Portage groups ;” on the latter it is 
given the same stratigraphic position, between the “Cashaqua Shale and 
Sandstone” and the “Gardeau Flagstones.” 

In Vanuxem’s final report on the Third District (1842), the Zthaca group 
is placed in the succession above the “Portage or Nunda group,” (pp. 12, 18, 
174). Tt is perfectly evident, however, from reading the accounts of both of 
these groups, that Vanuxem had no clear conception of the true relations of the 
formations and was accepting the last named division on the evidence derived 
from the Fourth District. His description of the /thaca group is quite brief 
and, in the special discussions by counties, the Portage and Ithaca groups are 
generally mentioned together without further attempt at distinction, the 
former division. being represented by the rocks which this author had origi- 
nally termed the “Sherburne Flagstones.” Then, as to-day, there were no 
difficulties in apprehending the value of this “Ithaca group,” eastward of the 
Ithaca meridian. 

The final report on the Fourth District (1848) places a new construction 
on the formation. On page 250, Professor Hall remarked : 

“Tthaca group. In the annual reports this name was adopted for desig- 
nating the highly fossiliferous shales and shaly sandstones, so well developed 
at the inclined plane of the railroad and on the Cascadilla and Fall creeks 
near Ithaca. Subsequently an examination of the highly fossiliferous strata 
along the Chemung river, and particularly in Chemung county, resulted in the 
adoption of that name as designating this portion of the system. 

“ Succeeding examinations satisfied me of the identity of the formations 
at Ithaca with those of Chemung, and this opinion was advanced in the 
annual report of 1841. 

“The reasons for merging the two in one were stated to be the impossi- 
bility of identifying them as distinct by any characteristic fossils. The same 
opinion is still entertained after a full examination of the strata, and a com- 
parison of the fossils collected here and elsewhere in well authenticated 
localities of the Chemung. ‘There is scarcely a fossil known at Ithaca which 
is not found at numerous other localities; though it is true not only of Ithaca 
but of many other places that some of the fossils are confined to a single 
locality in which they occur.” 

Largely in consequence of this opinion, the term thereafter passed into 
desuetude. 

4 
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In the subsequent New York reports the section at Ithaca has been gen- 


erally referred to as lower Chemung, doubtless in the broader application of 


g, 
the name Chemung as a major term for all the upper Devonian sediments of 
this meridian. So completely was the name lost sight of, that in volumes of 
the Palaeontology of New York, many localities lying within the limits of the 
Ithaca group, especially as this term was employed by Vanuxem in the Third 
Geological District, were cited generally as of the age of the Hamilton shales, 
though sometimes referred to the Chemung; and in Dana’s “ Manual of 
Geology,” 3d edition, 1880, the name Jthaca group does not appear. 

Up to this date the fauna of this group had received no attention 
further than that indicated in the foregoing extracts from Professor Hall’s 
reports, and the depiction by Vanuxem of two of its brachiopod species, only 
one of which is now recognized, Leptostrophia mucronata. In 1884, Prof. 
H.S. Williams published an account of the succession of the faunas in the typical 
section of the /thaca group (Bull. No. 3, U.S. Geol. Sury.). This is an important 
document for the reason, among others, that it clearly shows the presence here 
in repeated manifestations of two distinct faunas, the one from the west, 
marked by the presence of goniatites and cardioconchs, and by the absence of 
brachiopods ; the other from the east characterized especially by the prevalence 
of Hamilton types of brachiopods and lamellibranchs ; the former is the fauna of 
the typical Portage series of the western sections, the latter is termed by Williams 
the Lthaca fauna. This is the first precise use of this expression, and it is at 
once clearly evident that this Ithaca fauna is not the fauna of the /thaca group, 
as outlined by Hall, but of only a part of that group. The section studied 
by Williams shows that here the fundamentally distinct faunas of the east 
and west are interleaved and commingled, each encroaching upon the province 
of the other and, in turn, being invaded by that other, so that in a vertical 
section the succession presents the aspect of rapid alternations of these faunas. 
The data given by Willams permit the construction of the accompanying 
diagram (Figure 5) designed to express the interpenetration of the two faunas 
along this meridian, it being understood that the interlocking angles are 
highly exaggerated. The author has distinguished several subdivisions of the 
eastward fauna but restricts the term “Ithaca fauna” proper, to its uppermost 
or latest manifestation. The fundamental distinction in the eastern and west- 
ern faunas is, however, sharply defined from bottom to top, and the eastern 
fauna, manifesting ttself near the base of the series in the Cladochonus fauna, 
ends only with the disappearance of the “Ithaca fauna,” 500 or 600 feet below 


the first appearance of well defined Chemung species. The “recurrent Hamil- 
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ton fauna” lying not far below the “ Ithaca fauna” (as restricted by Willams), 
is such a reappearance of strong Hamilton types as we have observed in even 
greater force at a lower horizon in the rocks both at South Otselic and at 
Norwich, and is not in any sense out of harmony with the rest of the fauna 
which is, in the main, a similar recurrence of Hamilton types. Williams’s 
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“ Tthaca fauna” is that part of the more easterly fauna which comes in above the 
horizon of Spirifer mesastrialis, a division w hich is of local significance as, in 
the counties to the east, Cortland and Chenango, Spirifer mesastrialis having 
once appeared, manifests itself throughout all higher beds of the formation. 
A comparison of the succession at Ithaca with the results we have obtained 
in Chenango and Cortland counties indicates a general equivalence exemplified, 


52 Report OF THE STATE GEOLOGIST. 


for example, in the presence of the Cladochonus fauna at various points, the 
appearance of Spirifer /evis at Station IX", and its second and final appear- 
ance at Cowles hill, Greene, strong reappearances of Hamilton types, as citea 
above, and the relative position of Spirifer mesastrialis in its first appearance. 

While it is doubtless correct, to a certain degree, and in accordance with 
the views expressed by Professors Hall and Williams, to regard the entire 


fauna present in the strata lying between the Sherburne flags beneath ana , 


the well defined Chemung fauna above, as a transitional expression from the 
Hamilton to the Chemung fauna, it is evident that this fauna requires a 
single term, as the expression of its relation to the single geologic horizon to 


> 


which it pertains. If, therefore, the term “Ithaca” is to be perpetuated in 
geologic nomenclature, it must be moditied slightly as a geologic term, and 
expanded in its application to the fauna. 

In view of the fact that the local name was unfortunately chosen and that 
the typical section is through interpenetrating faunas neither of which is at 
its normal, it would probably be advantageous to our nomenclature if we 
should follow the example of Professor Hall in abandoning the term in all its 
applications ; such procedure would bring us at once to a ready solution of 
our difficulties, as excellent terms expressive of the formation and the faunas in 
their purity are at hand in the counties of Cortland and Chenango. The 
Otselic river, rising in Madison county and meeting the Tioughnioga at 
Whitney’s Point, transects in an almost north and south line the entire for- 
mation in its best development, and affords numerous admirable exposures of 
both rocks and faunas. The term, Ofselic group, for the geologic formation, 
and its equivalent, Ofselic fauna, tower Otselic fauna for the earlier mani- 
festations without Sp7rifer mesastrialis and with the Hamilton expression 
strongly emphasized; the wpper Otselic fauna tor the later expressions with 
Spiriter mesastrialis, would be precise and grateful terms. Eventually such 
terms will be required, but with proper respect to historic rights, we, for 
the present, continue to employ the old terms though with a modified 
meaning. 


It is my desire to enforce, at this point, the far reaching contrast in the 


western, or Naples, and the central, or Ithaca fauna of the Portage epoch, but ' 


this is possible only under disadvantages. The Naples fauna is composed to 
a very considerable degree of unnamed species, many of which can be men- 
tioned only in paraphrase, and no one has yet recorded in full the composition 
of the Ithaca fauna. The lists which are appended are compiled from my own 
records with the aid of those published by Professors Williams and Prosser. 
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This cautionary remark seems in point. The occasional occurrence of 
species of one fauna in association with those of the other and especially 
within the province of that other, is not to be construed as conclusive 
evidence that the species appertains to both faunas alike. Thus, .Wanticoceras 
Patersoni is one of the indicial fossils of the western or Naples fauna; it is 
occasionally found to have wandered eastward among the species of the 
adjoining Ithaca fauna; it is thus in the Ithaca fauna, but not of it. The same 
is true of several other species, and in separating the indicial features of these 
two faunas, such facts must be carefully considered. 

In this list are included the species of the Stylola layer (Genundewah 
limestone) of the Genesee slate, which represent, as shown in other places, 
the earliest appearance of the Naples fauna. 


Partial list of species constituting the Partial list of species of the normal 
PORTAGE (Ithaca) FAUNA in PORTAGE (Naples) FAUNA in 
Chenango and Cortland counties: Ontario and Livingston counties: 


Dinichthys Newberryi, Clarke. 
Acanthodes priscus, Clarke. 


Palzeoniscus devonicus, Clarke. 


Rhinocaris (?) Cipennis, Clarke. Conodonts. 

Phacops rana, Green (sp.). Echinocaris Whittfieldi, Clarke. 

Homalonotus DeKayi, Green (sp.). E (?) Beecheri, Clarke. 

Manticoceras Patersoni, Hall (sp.).* Manticoceras Patersoni Hall (sp.). 
ue “ var. styliophilum, nov. 
“var. contractum, nov. 


M. simulator, Hall (sp.). 

M. nodifer, Clarke. 

M. tardum, nov. 

M. accelerans, nov. 

M. oxy, nov. 

Gephyroceras perlatum, Hall (sp.). Gephyroceras Genundewah, noy. 
G. ceryceum, nov. 
Anabeloceras pseustes, nov. 
Beloceras lynx, noy. 
Probeloceras Lutheri, Clarke. 
Sandbergeroceras syngonum, nov. 


* The names here applied to the cephalopoda are those employed by the writer in an account of this element of the Poriage- 


fauna, now ready for the press. 
¢ 
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Tornoceras uniangulare, Hall (sp.). 


Hyolithes aclis, Hall. 
Tentaculites bellulus, Hall. 

T. spiculus, Hall. 

T. sp. nov. 

Styliolina fissurella, Hall (sp.). 
Conularia undulata, Hall. 
Bellerophon patulus, Hall. 

B. sp. nov. 

Platyceras sp. 

Murchisonia micula, Hall. 


Pleurotomaria sulcomarginata, Conrad 
P. ef. trilix, Hall. [ (sp.). 
P. Itys, Hall. 


Liopteria levis, Hall. 
L. Sayi, Hall. 
L. Greeni, Hall. 


Tornoceras uniangulare, Hall (sp.). 
a var. obesum, nov. 
‘ var. compressum, nov. 
T. peracutum, Hall (sp.). 
T. bicostatum, Hall (sp.). 
Cyrtoclymenia Neapolitana, Clarke. 
Bactrites cf. gracilis, Sandberger. 
B. 
Orthoceras pacator, Hall. 
O. Ontario, Clarke. 
O. filosum, Hall. 
(omphoceras, sp. 
Hyolithes Neapolis, Clarke. 
Tentaculites gracilistriatus, Hall. 


Styliolina fissurella, Hall (sp.). 

[ Clarke. 
Bellerophon striatus (Ferussac), 
B. natator, Hall. 
B. incisus, Clarke. 
Loxonema Noe, Clarke. 
Palzotrochus precursor, Clarke. 
Protocalyptrea Marshalli, Clarke. 
Pleurotomaria Itys, Hall. 


P. Itys, var. tenuispira, Hall. 
Diaphorostoma minutissimum, Clarke. 
Diaphorostoma, sp. nov. 
Macrochilus, sp. nov. 

Liopteria levis, Hall. 

“ Ungulina” suborbicularis, Hall. 
Cardiola Wyomingensis, Williams. 
C. Varysburgia, Williams. 

C. Doris, Hall, 

Cardiola, several undescr. species. 
Buchiola speciosa, Hall (sp.). 
Buchiola, several undeser. species. 
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Palzoneilo emarginata, Hall. 
P. constricta, Conrad (sp.). 
P. brevis, Hall. 

P. feeunda, Hall. 

P. maxima, Conrad (sp.). 
Leda diversa, Hall. 

L. brevirostris, Hall. 
Paracyclas lirata, Conrad (sp.). 
Leptodesma Rogersi, Hall, 
Microdon bellistriatus, Hall. 
M. gregarius, Hall. 

Nucula lirata, Conrad (sp.). 
N. corbuliformis, Hall. 


Modiomorpha subalata, Conrad (sp.). 


M. mytiloides, Conrad (sp.). 
M. concentrica, Hall. 

M. sp. nov. 

Modiella pygnmeea, Hall. 


Goniophora rugosa, Conrad (sp.). 


G. subrecta, Hall, 

G. Hamiltonensis, Hall. 
Mytilarea sp. 

Grammysia constricta, Hall. 
G. magna, Hall. 

G,. elliptica, Hall. 

G. bisulcata, Conrad (sp.). 
G. areuata, Conrad (sp.). 
Sphenomya cuneata, Hall. 


Cimitaria elongata, Conrad (sp). 


Sphenotus contractus, Hall. 


Actinopteria Boydi, Conrad (sp.) 


A. perstrialis, Hall. 
A. zeta, Hall. 


IvHaca anp Portace Groups. 


Lunulicardium ornatum, Hall. 


L. fragile, Hall. 

L. leve, Willams. 

L. many undescr. species. 
Pholadella, sp. nov. 


Paleoneilo muta, Hall. 


Leptodesma sp. 


or 


Ptychopteria mesastrialis, Williams, 


or 


56 Revort oF THE SvtatE GEOLOGIST, 


A. eta, Hall. 

Schizodus appressus, Conrad (sp.). 
Spirifer mucronatus, Conrad (sp.). 
4 a var. posterus. 

levis, Hall. 

. Tullius, Hall. 

. sculptilis, Hall. 

. mesastrialis, Hall. 


th Th Mm M 


os 


asper, Hall. 


Tn 


audaculus, Conrad. 

Cyrtina Hamiltonensis, Hall. 

C. ef. curvilineata, Hall. 

C. sp. nov. 

Leptostrophia mucronata, Conrad (sp.) 
Strophonella perplana, Conrad (sp.). 
Lepteena rhomboidalis, Wilckens. 


Strophalosia truncata, Hall. Strophalosia truncata, Hall. 
Orthothetes arctostriata, Hall (sp.). Orthothetes arctostriata, Hall (sp.). 
Productella spinulicosta, Hall. 

Chonetes scitula, Hall. Chonetes scitula, Hall. 


C. lepida, Hall. 

C. deflecta, Conrad (sp.). 

Rhipidomella Vanuxemi, Hall (sp.). 

Schizophoria impressa, Hall (sp.). 

Tropidoleptus carinatus, Conrad (sp.). 

Atrypa reticularis, Linné. 

Liorhynchus mesacostalis, Hall. 

Amboccelia umbonata, Conrad (sp.). 

Athyris spiriferoides, Eaton (sp.). 

Camaroteechia congregata, Hall (sp.). 

Pholidops Hamiltoniz, Hall. 

Lingula ligea, var. Hall. Lingula ligea, var. Hall. 
L. triquetra, Clarke. 
L. spatulata, Hall. 


Stictopora Gilberti, Meek. 


Aulopora annectens, Clarke. Aulopora annectens, Clarke. 
Cladochonus. Cladochonus. 


i Fe I 
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Melocrinus tricyclus, Eaton (sp.). Melocrinus Clarkei, Williams 
Poteriocrinus gregarius, Williams. 
Taxocrinus Ithacensis, Williams. 


Without further comment, the fundamental difference in these two 
faunas is apparent, the one (Ithaca) indigenous, whose ancestral stock mani- 
fests itself in the immediately preceding faunas; the other exotic and 
introduced, The latter characterized by its high development of the Goniati- 
tine, of Lunulicardium and the cardioconchs, the former by their absence. 
In fact, there is almost nothing common to the two faunas in their purity, 
and it is fair to infer that, as suggested above, the few Ithacan species present 
in the Naples beds, have strayed in from the east.* 


The Seneca Lake Section. 


The reader who cares to follow the detailed description of sections in 
Schuyler and Yates. counties given in the following pages will see nothing 
more clearly than the westward disappearance of the Ithaca element in the 
composite fauna of these meridians. 

This lessening of the eastern elements makes itself manifest in the long 
section made at Havana (Stations XIII and XIV). The rocks of this region 
are very sparsely fossiliferous and the various substations listed in Havana Glen 
indicate each a separate association where species of the two faunas are often 
present. In following the general trend of the formation to the northwest, 


into Yates county, a distinct increase in representatives of the Naples fauna is 


* Since this report was written I have received, by the courtesy of Professor G. D. Harris, of Cornell University, a copy of No. 
6, of his ‘‘ Bulletins of American Palaeontology,” dated December ~5th, 1896, and entitled: The Relaticn of the Fauna of the 
Ithaca group to the Faunas of the Portage and Chemung (pp. 1-56, plate 1), by E. M. Kindle. 

This useful contribution gives a review of the succession of faunules in the Ithaca section and adds considerably to the known 
lists of epecies and local manifestations of the faunules. 

These lists show that, with the alterations in appearance of the eastern and western faunas, there not unfrequently occurs 
an actual commingling of the species of the two at one plane. They serve also to enforce the importance of the cautionary 
remarks made aboye, that an elucidation of the true nature of the faunal constitution in this rock series is not possible without 
a clear comprehension of the two distinct faunal elements entering into its composition. 

It seems necessary for me to advert here to a single point raised by Mr. Kindle as to the propriety of the term Naples beds, 
which I introduced in 1885 for the strata which bear the Intumescens fauna. It is observed that Professor H.S. Williams, in 
describing the lower Chemung fauna at High Point, in the town of Naples (American Journal of Science, vol. xxv, p. 97, 1883), a 
fauna which appears at several hundred feet above the first clear manifestation of the Chemung fauna in that meridian, applied to the 
containing strata the term Naples beds, and that, hence, this term being of totally different significance from my use of it, its earlier 
date entitles it to precedence. I have to confess that this is the first time my attention has been directed to the employment of 
this term by Professor Williams. Upon turning to his paper ‘‘On a remarkable Fauna at the base of the Chemung group in New 
York” (loc. cit.), I find this expression used but once and in the following language: ‘‘ The author is indebted to the kindness of 
Professor J. M. Clarke, of Northampton, Mass., and Mr. D. D, Luther, of Naples, N. Y., for the discovery of these Naples beds” 
(p. 97). This is, as Professor Williams himself would doubtless admit, but a casual expression, one of several used in the same 
paper to express a similar meaning, thus: ‘‘The Naples rocks”’ (p. 97), ‘the High Point fauna” (p. 97), ‘the fauna at High 
Point” (p. 99), ‘High Point beds” (p. 99). These expressions are each used several times, while ‘“‘Naples beds’ occurs but 
once in the paper and has never been employed since by Professor Williams or any one else with reference to the now well- 
known High Point fauna of the High Point beds, which are, with these terms, quite sufficiently denominated. The term “ Naples 
beds’ has come into use, with well defined meaning, as a local name for the strata which carry the fauna of the Intumescens-zone, 
and the term has been neither conceived nor employed as a geologic designation in any other sense. 
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evident. This is seen in lists from stations along the west shore of Seneca 
lake (XV, XV, XV*, XVI, XVID). At Belknap’s Gully, two miles north of 
Branchport, Yates county, the fauna has, so far as observed, virtually lost 
its Ithacan component and presents only species abounding in the Naples 
section. : 

Now and then among the fossils in the Ontario and Livingston county 
sections will be found a straggler from the east; Ovthothetes arctostriata, 
Liopteria laevis and Strophalosia truncata are among the less frequent forms. 
The pelagic Sty/iolina fissurella has been swept im in enormous quantities. 
Chonetes scitula and Ambocelia umbonata are occasionally seen. With the 
exception of Styliolina, these are all of unusual occurrence, and we have 
evidence that such isolated representatives of the Ithaca fauna are to be 
found in the Naples fauna as far westward as Erie county. 

The boundary lines of the Portage series of rocks have been, by the 
labors of Mr. D. D. Luther and the writer, made out with precision in 
Ontario and the adjoining counties. In the Naples section the vertical thick- 
ness of these rocks from the Genesee shales to top of the Portage sandstones 
is 600 feet. These heavy-bedded Portage sandstones were regarded as the 
upper boundary of the Portage series in the original delimitation of the 
group, and they form a well defined bench mark throughout western New 
York, but in more westerly sections they are overlaid by a considerable mass 
of flags and sands which continue to carry a Naples fauna with some modifi- 
cations, but embracing no typical Chemung species. ) 

The faunules of the beds lying immediately below the heavy sandstones 
are, in interesting respects, unlike those of the more prolific beds below. Thus 
in Naples village, at a distance of twenty feet below these beds, are shales 
with a Naples faunule, viz.: Buchiola speciosa, Bactrites, Palwoneilo muta, 
Cardiola sp. Pleurotomaria capillaria, Manticoceras Patersoni. Jast below 
the heavy-bedded sandstones comes in a faunule unlike anything observed 
beneath, in this section; abundant in individuals though not in species, viz. : 
Liorhynchus, which at maturity is of large size and has the aspect of JZ. 
quadricostatus, while younger shells resemble ZL. /iémitaris of the Marcellus 
shales ; Atrypa reticularts of small size with coarse plications, and three or 
four strong concentric varices, free at their edges; Productella speciosa, Lep- 
tostrophia mucronata and an Orbiculoidea, probably undescribed. Evidently 
this faunule has entered from the east, and it heralds the dispossession of the 
Naples fauna and the occupancy of the region by wholly distinct types 


of life. 
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Recent observations, on this meridian, have shown, and undoubtedly 
future investigations will give us much more detailed evidence of the fact 
that about these Portage sandstones, for a few feet above and below them, are 
repeated oscillations of faunules, some of them with Naples species, others 
with forms of later date. 

At the village reservoir, Naples, just beneath the sandstones and hence 
at the horizon of the faunule above mentioned, occurs a species of Leptodesma 
of distinctly Chemung aspect, though undescribed. Again, Mr. Luther has 
recently found at the base of these sandstones in the Tannery gully several 
interesting species of Dictyosponges. In the same section at about 100 feet 
above the top of the Portage sandstones comes in a well defined Chemung 
fauna, shown at Deyo basin with Hydnoceras tuberosum, Ceratodictya annu- 
lata, Hydriodictya, Ambocelia umbonata var. gregaria, Spirifer mesacostalis, 
Atrypa hystrix, Productella speciosa, Arthracantha ; on the West Hollow road, 
near Charles Sutton’s, with Orthis Tioga, Liorhynchus mesacostalis, Produc- 
tella spinulicosta, Ambocelia umbonata; and at the Hamlin farm, with 
Hydnoceras tuberosum, Aviculopecten cancellatus, Sphenotus sp., Ambocelia 
umbonata, var. gregaria, Stropheodonta Cayuta, S. variabilis, S. arcuata, 
Leptostrophia perplana var. nervosa, Arthracantha., 


Explanation of Geologic Map 2. 


The purpose of this map is to express graphically the gradual change 
westward of the fauna of the Portage rocks. 

At the eastern limit of the region the fauna is the commingled Ithaca 
and Naples faunas; westward the former element is lost and the typical 


Naples species gradually attain predominance. 
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Summary. 

(1) The fauna of the Ithaca group is a modified Hamilton fauna: it 
contains a more abundant representation of unmodified Hamilton species in 
the meridional section along the Chenango river where the Tully limestone 
and Genesee slate are absent. The Hamilton features of the fauna are most 
strongly expressed in the lower part of the group, before the appearance of 
Spirifer mesastrialis. The fauna of the rock section at Ithaca is not normal 
and typical but contaims an intermingling of Ithaca and typical Portage 
(Naples) species. The terms /thaca group and Ithaca jauna are mexact. and 
their continued employment is at the cost of precision and lucidity. 

(2) The Oneonta group. comprising sandstones and shales often highly 
colored with red and green, occupies the upper part of the Portage series as 
developed along the Chenango valley and eastward. West of this valley these 
beds rapidly disappear. thinning out and penetrating the upper beds of the 
Ithaca group and bemg penetrated by them Above them le proemial 
Chemung faunules. 

(3) Westward of Cortland county the Ithaca fauna gradually becomes 
almost totally extinct and is as gradually replaced by the fauna of the typical 
Portage series (Naples fauna). 

(4) Above the Portage sandstones which cap the typical Portage sec 
tions west of the Naples meridian, are indications of the final appearance of 
the Naples fauna through a considerable thickness of strata. 

(5) In the Canandaigua lake section the Portage rocks have, probably, 
not more than onehalf the thickness exhibited im the sections through 


: Cortland and Chenango counties. 


(6) The Portage group is a series of arenaceous deposits representing the 
geological time which elapsed from the close of the Hamilton period (includ- 
ing the Tully limestone and a portion of the Genesee slate, where present) 
to the opening of the Chemung period. The typical and unmixed fauna of 
its westerly sections has little organic relation to the proper fauna of the 
Hamilton shales, the Chemung fauna succeeding, or the Ithaca faunas 
adjoming on the east. Tt is an exotic fauna, evidently derived from the 
west, and making its first appearance in the Genundewah limestone of the 
Genesee slates. It is the Vaples Fauna. 

The fauna of the central and east-central sections is an indigenous fauna, 


and its organie composition stands in the closest relation to the fauna of the 
e 
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Hamilton group, but in its later manifestations assumes many characters of 


the Chemung fauna. In the Chenango valley and eastward the upper portion 
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of the deposits of this age is represented by the Oneonta group with a very 
sparse fauna and well characterized strata. In Chenango county they 


replace the higher beds bearing the Ithaca fauna. 


Description of Sections in Chenango, Cortland, Schuyler 
and Yates Counties.* 


Station I.+ De Ruyter, Madison county. A small ravine on the farm of 
Mrs. Pamela Burdick, one mile south-east of the village and just east of the 
road leading due south to Burdick settlement, shows an exposure of Tully 
limestone, eighty-six feet above the creek level at the bridge (DeRuyter). 
The exposure of this rock is seven feet and the outcrop is compact and thick- 
bedded, the thin beds which in this vicinity usually compose the lower por- 
tion of the formation not being shown. | 

Overlying, with exposed contact, are the black Genesee slates, eight feet 
thick, possibly covered for a few feet at the top. These shales are arenaceous, 
scarcely bituminous, non-fossiliferous, without concretions or evidence of the 
Stylola limestone. 

Above are characteristic Portage sandy shales and sands in thin layers, 
with “ Fucoides graphice” and other inorganic markings, especially a crus- 
tacean trail which characterizes the horizon through all the more westerly 
sections. Aulopora annectens, Clarke, is the only fossil observed. 

Among these sands are intercalated thin layers of olive green, homo- 
geneous, smooth sandy shales, without fossils. These rocks continue to the 
top of the ravine, which opens on a cross-road. Thickness from base of Tully 
limestone, as exposed, to road, 180 feet. 

On the upper (south) side of this cross-road is an old quarry (the Burdick 
quarry of Vanuxem’s final report) from which stone was taken for the old 
DeRuyter Academy. Near the lower part of this exposure the elevation is 
forty-five feet above the road. The rock here exposed is much softer and 
more argillaceous than that below, less arenaceous and more slabby. 

This hill-side also bears a smaller, slightly worked exposure a few rods 
due south. In the main quarry were found Spiifer mucronatus, var. posterus, 
otherwise no fossils but Spvophyton. 

In the south exposure more fossils were found and these about fifteen 
feet below the horizon of the main quarry; as follows: 

Pleurotomaria, probably an undescribed species, which may be compared 
in general aspect to P/. tralia of the Hamilton shales, but is of much larger 


* These sections, made in 1895, pertain essentially to the relations of the Ithaca to the Portage fauna, The rocks ot the 
Oneonta group have not been observed in this region. 
+ In making the observations recorded upon Stations I.-IV., I was accompanied and aided by Professor CS, Prosser, of Union 


College. The elevations given for these Stations are barometer measurements by Professor Prosser, 
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size. It bears two strong concentric ridges on the upper surface of the whorl, 
and four or five such ridges on the lower surface. Concentric lines fine and 
closely crowded. Abundant in a single thin layer. 

Pleurotomaria Itys, (vare). 

Nucula corbuliformis. 

Spirifer mucronatus var, posterus. 

Liorhynchus mesacostalis. 

On the hill next eastward of this quarry and at an elevation of 100 feet 
above it, fossiliferous beds appear sparingly to the top. The rocks carry 
Atrypa reticularis abundantly, one loose block from the vicinity containing 
Leptaena rhomboidalis. 

Station II, On the road from Burdick settlement to South Otselic, 
Chenango county, one-half mile south-east of the former village, is a long 
exposure along the highway and in the banks of a creek which the road 
follows. 

The lowest outcrop is of Portage (Sherburne) fucoidal slabs with inter- 
vening shale beds, often two or three feet in thickness, but without fossils. 

At 207 feet above the creek at DeRuyter, the following fossils were 
found : 

Spirifer mucronatus, Var. posterus (C). 

Liorhynchus mesacostalis (¢). 

Chonetes scitula (ce). 

Tentaculites cf. sproulus. 

Paleoneilo constricta. 

Paracyclas lirata. 

Liopteria levis. 

Leptodesma LPogerst. 

Nuecula corbuliformis 

Station ITI. South Otselic, Chenango county. A road entering the 
village from the east runs for a mile or more through a deep gorge which 
affords a fine natural exposure, supplemented by several quarries. The 
elevation of the South Otselic hotel is eighty-eight feet below the creek at 
DeRuyter, and the village is eight miles due south of the latitude of that | 
place. 

At the opening of the gorge on the west, the elevation is forty-five feet 
above the hotel. Here the Portage fucoidal layers and sandy slabs (Sher- 
burne sandstone) are absent. The first twenty feet are of sandy compact 


shales, from which the following fossils were taken : 
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Hyolithes actis (ec). 

Chonetes lepida (ce). 

Strophalosia truncata. 

Liorhynchus mesacostalis. 

Chonetes scitula. 

Productella spinulicosta. 

Pholidops Hamiltonie. 

Lingula ligea, var. (Hall). 

Lunulicardium or Panenka, fragment of a large species. 

Abdominal segment of Achinocaris. 

Orthoceras sp. 

At the top of these beds Hyolithes again appears in considerable abun- 
dance, associated with numerous specimens of Lingula ligea, var. (Hall) and 

Spirifer mucronatus var. posterus. 

Liorhynchus mesacostalis, 

Chonetes scitula. 

Ch. deflecta. 

Nuculites, very short form, cf. Vyssa. 

Twenty-five feet above are ten feet of darkish shales, with 

Productella sporulicosta. 

Strophalosia truncata. 

Liopteria levis. 

Nuculites ef. Nyssa. 

_ ITI’. This substation is ten feet above the last horizon, the rocks 
heavy bedded argillaceous sandstones which have been quarried for the 
_ purpose of building a catch-basin on the creek near by. 

The fauna is highly characteristic and is almost wholly constituted of 
typical species of the Hamilton group with the remarkable addition of 
Leptena rhomboidalis, a species which has not been known to occur in New 
York above the Corniferous limestone, though it. reappears after the close of 
the Devonian in the Waverly sandstones of Ohio. 

The species obtained are the following : 

Lepiena rhomboidalis. 

Phacops rana (©). 

Spirifer mucronatus, indistinguishable from the short-winged Hamilton 
species (¢). 

Chonetes scitula, large form approaching Ch. deflecta (cc). 

Oyrtina sp. nov., large, with smooth exterior and great median septum (c). 


9) 
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Rhipidomella Vanuxemi. 

Aitrypa reticularis, large and finely plicated. 

Spirifer asper, widely extended form, much more alate than that of the 
Hamilton group (cc). 

Actinopteria Boydi, the typical form of the Hamilton group with fascie- 
ulate radii and spinose concentric striz (c). 

Mytilarca with attached Crania. 

Grammysia constricta. 

Pualeoneilo emarginata. 

Conularia undulata. 

Tentaculites spiculus, small form. 

Murchisonia micula. 

Poteriocrinus gregarius. 

In the hundred feet immediately overlying this fauna the association 
of species is not maintained but only the forms more generally distributed 
in the rocks beneath were found, viz. : 

Spirifer mucronatus, Var. posterus. 

Chonetes scitula, Liorhynchus mesacostalis, Nuculites cf. Nyssa and 
Paleoneilo fecunda. Phacops rana also occurs in the lower part of this 
section, but sparingly, and at the top Paracyclas lirata. 

A short distance higher Paracyclas occurs abundantly in soft sandy 
shales, the following species being taken at the horizon: 

Paracyclas lirata (ec). 

Leptodesma Rogersi (cc). 

Paleoneilo fecunda. 

Modiomorpha subalata, 

Tropidoleptus carinutus (¢). 

Chonetes scitula, large form (c). 

Ch. lepida, 

Productella spinulicosta. 

Tornoceras uniangulare. . 

In the immediately overlying seventy feet, fossils occur in thin layers at 
considerable intervals. Various of these layers were examined, but the asso- 
ciations of species were found not to present great variations. 

The rocks contain: 

Spirifer mucronatus, the normal short-winged form (ce). 

Spirifer ; the most abundant species of this genus is a small shell with a 
sharp median septum, but with the external aspect of S. mucronatus, var. 
posterus, It is probably a variety of S. mesacostalis. 
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Chonetes scitula (¢). 

Atrypa reticularis, both large and small forms (cc). 

Liorhynchus mesacostalis (¢). 

Cyrtina Hamiltonensis. 

Tropidoleptus carinatus. 

Actinopteria perstrialis (cc). 

A, Boydi. 

Liopteria Say?. 

Paleoneilo fecunda. 

P. emarginata. 

Autodetus. 

Diaphorostoma syp. 

Carapace of Zropidocaris ? 

ITI*. The first appearance of Spirifer mesastrialis ; elevation 585 feet 
above the South Otselic hotel; near the top of the hill, on a tributary to the 
main creek.* 

Spirifer mesastrialis, large and typical (cc). 

i ‘i small variety resembling S. Zudlius. 

Fehynchonella? eximia ? 

Liopteria Green. 

Tentaculites sp. nov.; a long, slender species, very finely marked with 
delicate, subequal rings; not observed elsewhere (cc). 

Station IV. Mineral Spring creek, in the town of Pitcher, Chenango 
county, running from Pitcher Springs westward and emptying into the Otselic 
valley. The opening of this ravine on the Pitcher highway is about forty 
feet below the hotel at South Otselic and four miles south of that place. 
The section here, from the mouth of the ravine to its commencement, is 140 
feet in height, the rocks, thin sandstones with interbedded sandy shales. The 
lower ten feet is a Spirophyton sandstone without other fossils. The beds 
above contain associations of fossils at intervals, not varying greatly in their 
composition. The fauna as collected from the entire series of the fossil- 
iferous bands is as follows: 

Tropidoleptus carinatus, common in the lower layers. 

Productella spinulicosta (¢). 

Oyrtina Hamiltonensis (¢). 

Chonetes lepida (¢). 

Ch. scitula, very large variety (cc). 


* This locality was not seen by myself and the list of fossils is drawn from specimens collected by Professor Prosser. 
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Spirifer, small species with sharp median septum, cf. mesacostalis, var. (cc). 

Atrypa reticularis (¢). 

Leptostrophia mucronata, the small variety occurring in Cortland county, 
more abundantly at Ithaca and in the Seneca lake section. 

Paracyclas lirata, common in the lower layers. 

Grammysia arcuata. 

Paleoneilo emarginata. 

P. fecunda (ec). 

Goniophora Hamiltonensis. 

Modiomorpha concentrica (¢). 

Actinopteria perstrialis (c). 

Pleurotomaria Itys. 

Platyceras, small sp. resembling P. symmetricum. 

Cladochonus. 

Poteriocrinus gregarius (¢). 

Stictopora Gilberti (cc). 

Station V. One-half mile northwest of South Otselic, a ravine known as 
Madison’s gulf, on the west side of the Otselic river. Elevation of the 
lowest exposure, thirty feet above the hotel. Dip section showing a high 
angle, estimated at seventy-five feet per mile. Probable difference in eleva- 
tion, fifty or sixty feet below lowest strata at Station III. 

The exposure here which was followed for a thickness of forty feet, con- 
sists of unfossiliferous flags and sandy slabs, characterized by ripple marks, 
worm and crustacean tracks, fucoidal casts, ete. distinguishing the lower 
Portage (Sherburne) beds. 

Station VI. DeRuyter; on the south road entering the west end of the 
village from the town of Lincklaen, and one-quarter of a mile south of the 
cemetery, in a creek running along the road-side, the Tully limestone is 
exposed.* Below it the Hamilton shales are shown at the cemetery and in a 
fifteen foot bluff a little further south. The Tully limestone is very impure 
and schistose below for a thickness of three feet, becoming more compact 
above. Top not clear and the Genesee shales not exposed. Directly up the 
hill from the Tully exposure, at an elevation of 225 feet,a quarry has been 
opened on the land of David Wilcox. This section is in the upper part of 
the lower and barren Sherburne sands, and the rocks bear the characteristic 
fucoidal and wave marks. A thin, yellowish, compact quartz sandstone bears 
Paracycas lirata sparingly. The immediately overlying layers are softer 


* It is also seen two miles east of DeRuyter on the Georgetown road, and one-half mile south of the Otselic stage road 
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and more shaly, and contain Spirifer mucronatus var. posterus and Orthoceras 
sp. Here also were found three specimens of an interesting species of 
Rhinocaris.* 

Station VIZ. Buel’s creek, one and one-quarter miles east of Truxton, 
Cortland county. The exposure here consists at the base, of black, alternating 


* Rhinocarzs (?) bipennis, sp.nov. This interesting species has a long and comparatively narrow carapace; in the best pre- 
served specimen the two valves appearing to be folded not exactly in the median line. The character of the hinge is obscured by 
the manner of folding and it is not possible to determine whether the species possessed a median plate with a hinge on either side 
as in true Rhinocaris, or whether the hinge line was actually median as in Hlymocaris, Hmmelezoe and Ceratiocaris, but the pre- 
sumption from the general aspect of the carapace and from several other structural features, is that the fossil is a Rhinocaris. The 
anterior outline presents a somewhat truncate extremity which may have been prolonged into an acute termination as in many 
such carapaces, but as the specimen is somewhat broken at this point, its character can not be made out. There is no evidence 
ofa movable rostrum. The lateral margins make a broad and low curve of about equal degree before and behind, and posteriorly 
the margin seems to have been somewhat truncated or slightly incurved, the specimen being somewhat imperfect here. The 
lateral surface of each valve bears a sing!e fine sharp ridge, scarcely developed into such a carina as characterizes the single keeled 
genera Hchinocaris and Ptychocaris. This ridge makes an ogee curve, bending downward in front and upward behind, becoming 
obsolete on the posterior region of the carapace. A very distinct ocular node lies at about one-third of the length of the carapace 
from the anterior extremity; at its summit the surface is smooth and bears a well-defined circular optic pit, as in Rhinocaris and 
Mesothyra. The ornamentation of the carapace is quite peculiar; the region above the ogee ridge is marked by elevated, chevron- 
shaped or squamose. lines which are sharpest at the anterior extremity, becoming more diffuse and less obscure posteriorly. Their 
general direction is parallel to the hinge, though they curve around the optic and mandibu!ar nodes. Below this curved ridge the 
surface is quite smooth except near the margins where there are a few faint anastomosing lines such as most of the Phyllocarid. 
possess. The outer margins of the valves are thickened and the surface slightly grooved within them. Besides the optic node 
there is a well-defined node just behind it, probably of muscular or mandibular origin and some other ill-defined node-like irreg- 
ularities on the surface which are probably due largely to compression. The abdomen is partially obscured at its proximal end, 
but shows three segments, the first two comparatively short, the third long, cylindrical and marked with o»lique lines. These 
segments are similar in relative size and aspect to those of the Hamilton species, 2. coluwmdina, and are a further reason for 
assigning this species to the same genus with that. The telson is produced into a spine which appears to have been somewhat 
shorter than the cercopods, though it is not complete. One of the cercopods is preserved, a long slender spire, striated as in 
Mesothyra and bearing a crenolated inner margin which was the base of insertion of a setal fimbrie. This is also a feature well 
defined in the specimens of the great Mesothyra Oceani, from the Ithaca fauna at Ithaca. 

The accompanying sketch shows the described specimen in its natural proportions. 


Traces of appendages. One of the specimens has lost the carapace by exposure to weather and shows traces of certain 
structures of the inferior surface. Exceedingly little is known of such structures in the fossil Phyllocarida. In an obscure 
Species from the Carboniferous concretions of Mazoncreck, Illinois, termed by Packard Cryptoz@, Beecher made out traces of 
two or three cephalic appendages, which have been described and illustrated by the former writer; and Whitfield has figured 
examples of Hntomocaris and Ceratiocaris, showing evidence of thoracic legs. What is here visible in Rhinocaris is not readily 
resolvable into agreement with the structure of the living Nedalia, but is described simply as it appears without any attempt to- 
homologize the parts. 

In this specimen the removal] of the carapace has left exposed a portion of the under side covering rather more than the area 
of one yalve. The most prominent features of the exposed surface are two angular hemi-lozenge-shaped plates, whose edge is 
sharply lined like marginal portions of the carapace (marked Pin the figure) These lie in a somewhat symmetrical position with 
reference to each other, but that at the left is more fully retained than the other. The striated, sharply angled margin appears at 
first glance to be a lamellate body bz itself, but closer inspection shows it to be continuous with a smooth area or p!ate whose out- 
line is not very distinctly retained. Behind these lies another smooth somewhat quadrangular area, the margins of which are 
thickened, striated and continue 1 backward. The bodies P P may possibly have been united into one trapezoidal plate, although 
the inner margin of P seems to be partially entire. In front of these plates are five flat and narrow impressions separated by their 
ridges. Allare so directed as to converge to the same area, The fifth or last of these impressions seems to have a somewhat 
definite outline and to be faintly striated. The general aspect of these markings and their position suggests that they are rem- 
nants of cephalic appendages, the narrow ridges being the filling of the spaces between them. 
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with greenish, sandy shales which, with occasional flags, continue to a height 
of fifty-five feet. The black shales are so dark that they resemble in many 
places the more bituminous beds of the Genesee, though the rock is more 
arenaceous than is usual in that formation. The whole series is almost 
devoid of fossils, only a single species of Lingula, sp. indet., one of a small 
Ambocelia and an oceasional Rhodea having been seen. These are undoubt- 
edly a part of the lower Portage beds. 

VI~'. Truxton; hill at the west end of the village. For a distance of 
100 feet above the base the shaly beds of Station VII are exposed; at 300 feet 
above this is a slightly worked exposure of ten feet of thin sandstones with 
softish interbedded shales. No fossils. Loose blocks on the hill sides indicate 
the presence, in the section, of Liorhynchus mesacostalis. 

VIT*. Tripoli brook, three-fourths of a mile northwest of ‘the village of 
Cuyler, Cortland county, affords an exposure of upper Hamilton shales, 
ending abruptly in the Tully limestones, producing falls forty feet in height. 
The limestone begins at the bottom with a thin six-inch band, followed by 
interbedded shales and thin limestones. The lower portion from the first 
limestone layer to the beginning of the compact limestone bed is eleven feet, 
the upper and more solid bed measuring six feet. It is interesting to observe 
that at the base of the falls, twenty feet below the impure beds, is a limestone 
layer, of the same lithological character as that at the top of the falls. This 
is highly fossiliferous as are also the upper and six-foot layer, and both 
appear to embrace the same fauna. The shale beds separating the lower 
limestone stratum from those above contain species of the Hamilton fauna. 

Above the Tully limestone are Genesee black shales without fossils. The 
exposure is largely covered, but does not exceed, in total, ten feet. Over 
them he dark olive sandy shales and fucoidal flags of the lower Portage group. 

On the east of Cuyler village, is a prook along the highway entering 
from the east, where Hamilton shales are exposed at the foot of the 
south hill, the Tully and Portage terraces being well defined on the hill side, 
though no exposures are seen. From the brook level to the Tully terrace 
is about seventy-five feet. 

At Miiller’s brook, two and one-half miles east of Truxton, the Tully 
limestone outcrops not far from the Cuyler road. The same rock appears one 
and one-half miles south of Truxton on the Goddard farm, west side of the 
Tioughnioga river; and also at the opening of the Cheningo creek into the 
latter valley, it is seen on the north side of the Cheningo valley in a small run 


on the farm of Otis Wicks, the exposure not exceeding one foot six inches. 
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The high hill on the south side of the Cheningo valley and which is crossed 
in going to Solon, has an elevation of not less than 600 feet above the valley, 
and the exposures near the top afford Spirifer mesastrialis, 

Station VIII. Solon, Cortland county. This village lies near the head 
of a stream known as Trout brook which empties into the Tioughnioga eight 
miles away. The only exposure found in the region is along this brook. The 
rock section is about forty feet in thickness and consists at the base of com- 
pact, soft sandy shales with abundant fossils, overlaid by more sandy beds 
and flags, also fossiliferous. The uppermost layers are made up of heavy 
sandstones containing concretionary masses of immense size, such as I 
recorded in a previous report as occurring at Greene, above the green and red 
Oneonta beds, and have noted elsewhere at Marathon and near Lisle in the 
Tioughnioga valley. 

These upper beds are not fossiliferous, but the lower strata furnished 
the following species: 

Cladochonus (ce). 

Spiriter mesastrialis, large and normal (ce). 

Chonetes scitula, large form (c). 

Orthis impressa, large and normal (c). 

Microdon bellistriatus, small variety (cc). 

Liopteria Greenii (c). 

Atrypa reticularis. 

Leptostrophia mucronata. 

Tropidoleptus carinatus. 

Paracyclas lirata (¢). 

Modiomorpha subalata. 

Nucula corbuliformis. 

Actinopteria perstrialis. 

A loose block in this stream furnished Leptenu rhomboidalis, Spiriter 
mesastrialis and Actinopteria perstrialis. 

Station LX. McGrawville. This village lies in the Trout brook valley, 
four miles east of Cortland. The valley here is broad and though there are 
streams entering it abundantly from the north, there is but one from the 
south. Rock exposures are few on account of the overwhelming amount of 
alluvial deposits. The lowest outcrop observed is in the village and along 
its southeastern edge on a creek entering the valley from the town of Free- 
town, where there is an exposure of thirty feet of compact sandy shale with 


72 Report OF THE STATE GEOLOGIST. 


Spirifer mesastrialis and Spirtifer mucronatus var. posterus. No other outcrop 
occurs on this creek in this township. 

IX'. Brook one mile east of McGrawville on the farm of Joel Baga 
crossing the Solon road. Elevation, seventy-five feet above Station IX. The 
section here covers a thickness of about 100 feet, the rocks at the base being 
softish, compact, arenaceous shales, with the following species of oe 

Spiriter mesastrialis (cc). 

Ambocelia umbonata. 

Liorhynchus mesacostalis. 

Spiriter mucronatus var. posterus. 

Cyrtina Hamiltonensis. 

Cyrtina, large form with pleated sinus; ef. ewrvilineata. 

Atrypa reticularis (¢). 

Leptostrophia mucronata. 

Productella spinulicosta. 

LT?hynchonella ct. eximia. 

Manticoceras Patersoni. 

Paracyclas lirata. 

Bellerophon sp. nov. with large aperture, narrow whorls and fine concen- 
tric surface ornament. 

Cladochonus (¢). 

Melocrinus tricyclus, Eaton (sp.); “tricireled encrinite,” of Vanuxem (cc). 

Immediately overlying are compact sandstones with 

Spirifer levis. 

Melocrinus tricyclus. 

With the exception of the occurrence on Cowles hill, Greene (see 
page 37), this is the easternmost appearance of the species, Spirifer levis. 
It has, however, been recorded from Hait’s quarry, near East Homer, which 
is almost on the same meridian and about five miles to the north. 

From this point upward the rocks are much less fossiliferous, evidences 
of the “tricircled encrinite” occurring frequently, and the section is termi- 
nated by a thin sandstone bearing masses of Stictopora Gilberti. Loose blocks 
in the stream indicate the not remote presence of Tropidoleptus carinatus 
associated with Spirifer mesastrialis, 

Station X. Preble, Cortland county. This village lies in the valley plain, 
just north of the junction of the west branch of the Tioughnioga river with a 
stream coming in from the west through the town of Scott. An exposure was 
observed along a creek just off the first road running northwest beyond 
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Preble village, on the west side of the valley. These beds lie about fifty feet 
above the valley road. 

At the base are greenish gray compact shales, somewhat arenaceous, con- 
taining Buchiola speciosa, Tornoceras uniangulare, Chonetes scitula, Ch. lepida, 
and Cladochonus, Overlying are barren greenish sands. Seventy-five feet 
above, on the roadside, are greenish shales without fossils, fifteen feet. On 
the east side of this valley, at the hamlet called Baltimore, is an exposure 
along the road to Truxton. This is thirty feet high and consists of fissile 
black and greenish shales devoid of fossils. Above these, at an interval of 
forty feet, are greenish shaly sandstones, also without fossils. This outcrop 
lies below that first described, and at about the same level as the upper beds 
mentioned. 

Three-quarters of a mile due north of the village, at an elevation of 200 
feet on a hill at the west of this road, is a quarry from which the flagstones 
on the village sidewalks were taken. Many of these stones are covered with 
fucoidal markings and others are completely filled with O/adochonus. 

Station XT. Marathon, Cortland county. <A rock exposure begins two 
miles north of Marathon station on the D., L. and W. railroad, or one-fifth 
mile north of the mile-post marked “Owego 83 m.” This section is con- 
tinued almost to Messengerville, where it is completed in the Virgil creek at 
that place. 

The base of the outcrop is of soft, compact shales, very sparsely fossil- 
iferous, overlaid by schistose green sandstone with abundant fossils in thin 
layers. Above these layers are heavy bedded sandstones of highly concre- 
tionary structure, like those observed at Solon. These weather out by 
exfoliation into striking shapes and in their lower portion contain countless 
numbers of Spirifer mesastrialis. At about the same horizon this fossil again 
occurs in a thick caleareous sandstone which it fills to exclusion, and the 
association is repeated on a lesser scale in the rocks above. These mesastrialis 
layers are excellently shown along the Virgil creek. The fossils collected in 
these layers are : 

Spirifer mesastrialis, large and typical (ce). 

Leptostrophia mucronata. 

Actinopteria Boydi (¢). 

Microdon gregarius («). 

Liopteria Greeni (¢). 

Palwoneilo fecunda. 

P. maxima (c). 
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Nueula, with the form of _V. Jirata, but with a finely lineate surface; 
much more oblique than _V. corbudiformis (cc). 

Modiomorpha concentrica, normal form. 

MT. concentrica var. noy., an extremely oblique shell, distinct and new. 

MV. concentrica, a form intermediate in outlme between the two foregoing. 

Leda brevirostris. 

Grammysia magna. 

Tentaculites cf. spiculus (ce). 

T. sp. long, slender and sharply annulated ; undescribed (e). 

Above these heavy-bedded mesastria/is-layers are sandy shales and slabs 
from which the following species were collected : 

Actinopteria perstrialis (¢). 

A. Boydi, very small form (ce). 

Palewoneilo constricta (¢). 

Microdon gregarius (©). 

Spirifer mucronatus var. posterus. 

Leptostrophia perplana (cc). 

Schizophoria impressa (¢). 

Station XITZ. One mile north of Lisle, Broome county, at the narrows of 
the Tioughnioga river, seven miles due south of Marathon. Rocks are here 
exposed in high bluffs on both sides of the river, but are more accessible on 
the east side along the highway than on the west along the D., L. & W. rail- 
road. On the east an escarpment of 100 to 125 feet has soft, compact, greenish 
argillaceous sandstones at the base. Overlying is a bank of heavy concretion- 
ary sandstones, similar to those observed at Station XI, but not less than 300 
feet higher, showing the repetition of such formations in these upper beds. 
Fossils are very scarce in these beds, in contrast to their abundance at Station 
XI. The “tricircled encrinite” (WVelocrinus tricyclus), is found throughout 
in thin layers, and the following additional species were collected : 

Leptostrophia mucronata. 

Spirifer m ucronatus, var. posterus. 

Sp. mesastrialis, small form only. 

Atrypa reticularis. : 

Cyrtina Hamiltonensis, 

Schizodus appressus. 

Cladochonus. 
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Seneca Lake Section. 

Station XIII. The village of Havana (now called Montour Falls), 
Schuyler county. Montour creek enters the village from the west with a ver- 
tical fall of 165 feet (Montour Falls, Plate 1); above this are a series of smaller 
cascades which together make the total fall of the creek from above the. bridge 
on the west hill to the village street, 195 feet. The falls proper, or the lower 
escarpment, are shown in plate I. The steepness of the rock wall here renders 
a close analysis of its composition difficult, but a great part of the series is 
exposed in a more accessible condition along the road, which winds up the 
hill and crosses the stream above the falls. As a whole the rocks are greenish, 
sandy shales with thin, sandy flags, abundantly marked with crustacean tracks. 

The first fossiliferous horizon was found at an elevation of 110 feet above 
the main street, and the fossils here occurring re-appear at an horizon just 
above the top of the falls (165 feet), in both instances in a soft, argillaceous 
shale. The species obtained were: 

Ambocelia umbonata (ce). 

Spirifer mucronatus, small varicose variety (cc). 

Strophalosia truncata. 

- Productella spinulicosta (cc). 

Leptostrophia mucronata (cc). 

Manticoceras Patersoni (c). 

Loxonema cf. Noe. 

Cladochonus. 

Arthracantha. 

Cyclopteris, 

Seventy-five feet higher the rocks become much more sandy, heavy layers 
of sandstone being frequent, and in two places these have been worked for 
flag and foundation stone of an inferior quality. Here Lunulicardium fragile 
occurs in great abundance. 

Station XIV. Havana Glen. This well-known and beautiful ravine is 
situated one and one-half miles south of the village of Havana, and about 
three miles south of the celebrated Watkins Glen, at Watkins, which it equals 
in natural beauty. Although the public are admitted to its attractions only 
upon the payment of a fee, I was indebted to the proprietors for lberty to 
come and go at will, and to make as much debris as was necessary for the 
examination I had in hand. 

The frequent abrupt cliffs and high falls throughout the gorge do not 


facilitate the careful examination of the strata, but the artificial means of 
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scaling these have often brought otherwise inaccessible points within reach. 
The length of the exposure, cutting completely through from near the base of 
the Havana valley to the top of the eastern hill makes the detailed section an 
important one. As a whole the rocks are highly unfossiliferous. Fossils are 
found only at wide intervals in thin layers and in small numbers. This 
feature, however, is a characteristic of the strata in this meridian, where the 
fauna is distinctly less prolific than in the Cortland and Chenango county 
sections of the Ithaca beds and in the typical Portage beds of the western 
sections (meridians of Canandaigua lake and the Genesee valley). 

The commencement of the rock exposure in the Havana glen lies at the 
summit of the delta plain of the stream which rises to no great elevation above 
the road. 

XIV". The beginning of the rock section affords soft; sandy shales, 
containing Buchiola speciosa, shown in the exposure below the entrance house 
and in the first falls, known as the “ Portal Cascade” (Plate VI, 1). 

Thirty-three feet above the entrance is a band of black, fissile, pyritous 
shale, seen on the approach to the first foot bridge, and not far above, in the 
escarpment of “ Eagle Cliff” (Plate IT), are thin sandy layers with beautiful 
specimens of Plumalina plumularia, 

ATV. At the top of the “Council Chamber” (Plate VI, 2, 3) and near the 
foot of the “Curtain Cascade” (elevation ninety-five feet above entrance) | Plate 
IIT] are some compact soft shales in which the following species are found : 

Cladochonus (cc). | 

Ambocelia umbonata. 

Cyrtina Hamiltonensis. 

Atrypa reticularis. 

Leptostrophia mucronata, 

Paleoneilo constricta. 

P. ef. lamellata. 

Loxonema Noe. 

Diaphorostoma, a small, ventricose, undescribed species occurring in the 
Portage fauna of the Naples section. 

Manticoceras Patersoni. 

XIV*. Along the bridge approaching the “Curtain Cascade” and at a 
slightly greater elevation than the last, occur 

Schizophoria impressa. 

Centronella Julia. (2) 


Atrypa reticularis, small and coarse-ribbed, and large, elongate forms. 
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Productella speciosa. 

ATV*. Soft shales at the base of the last stairs but one leading to the 
“Bridal Veil” falls (see Plate V): 

Manticoceras Patersoni. 

Loxonema Noe (cc). 

LInunulicardium (2), a peculiar undescribed species of a new generic form, 
with sharp fasciculate plications and a series of irregular spinous processes on 
the anterior margin. This form is not of infrequent occurrence in the Naples 
section, both in the Styliola limestone and in the Portage shales. Elevation, 
200 feet above entrance. 

AXLIV*. Soft shalesat the base of “ Whispering Falls,” elevation 242 
feet (Plate VI, 4), contain: 

Manticoceras Patersoni. 

Orthoceras. 

Atrypa reticularis. 

Cyrtina Hamiltonensis. 

Cladochonus. 

AXTV*. Atan elevation of 264 feet above the entrance, is the “Tunnel,” an 
opening and passageway along a joint in a projecting cliff (Plate VI, 5). Here 
occurs a sandy layer with small calcareous concretionary masses, containing 

Styliolina fissurella (cc). 

Strophalosia truncata. 

Chonetes lepida. 

Ambocelia umbonata. 

Cladochonus. 

. Twelve feet below this horizon, at the foot of the stairs leading from the 
“Tunnel,” occur: 

Manticoceras Patersoni. 

Chonetes scitula. 

Productella spinulicosta (ce). 

Cladochonus. 

XIV". “Glen Chaos ;” elevation 253 feet. Here has been an interesting 
displacement of the rocks, a great mass having fallen along a joint plane for 
fully seventy-five feet, filling the gorge with upturned strata. These dis 
placed rocks are, in part, soft, compact shales with fossils, and others are sandy 
layers with calcareous concretions containing essentially the same. species. 
The fossils obtained are 

Strophalosia truncata (ce). 


78 Report OF THE STATE GEOLOGIST, 


Productella spinulicosta (cc). 

Leptostrophia mucronata (¢). 

Spirifer subumbona. 

Chonetes lepida. 

Cladochonus. 

XTIV*. In the bed of the stream, at an elevation of 273 feet, are sandy 
layers with some calcareous matter in which Oladochonus is abundant, together 
with the following species: 

Leptostrophia mucronata. 

Chonetes lepida. 

Schizophoria impressa, small form. 

Buchiola speciosa. 

Lunulicardium ? sp. indes., with spines (see XITV*). 

L. ornatum. 

Above this horizon few traces of fossils were found. At the top of the 
“Summit Cascade,” elevation 319 feet (Plate VII), Wanticoceras Patersoni 
appeared, but no other species were observed. This is the top of the gorge, 
the rise beyond this point being very gradual and without striking features or 
rock exposures. The top of the hill on the north bank of the stream has an 
elevation of 425 feet above the entrance to the ravine. 

On the highway going north from Havana to Watkins exposures of the 
lower beds shown in the Montour falls escarpment are seen for a mile and a 
half. The actual elevation of Havana is about 467 feet A. T.; that is not 
more than twenty feet above Seneca lake, from which the water sets back into 
the now abandoned Chemung canal as far as the first lock just north of 
Havana. 

At the salt works on the lake (Salt Point), one and a half miles north of 
Watkins, and twenty feet above the lake, where an excavation has been made 
for the erection of water tanks, there is an outcrop of sandstone bearing 
Cladochorus abundantly. With an allowance for dip of twenty feet per mile, 
which is sufficiently large in this section, this outcrop corresponds in elevation 
to the stations at XIII and XIV*. 

Station X V. At Glenora, on the west shore of Seneca lake, ten miles due 
north of Havana, is the mouth of Big Stream, which has cut a deep and rather 
difficultly accessible gorge for upwards of two miles. The opening of this 
ravine at Glenora is bordered by a high escarpment (125 feet), making a 
large and beautiful amphitheatre. The beds are quite regularly alternating 
sands and shales, and contain, sparingly, the following fossils; 


PLATE VII 
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Manticoceras Patersoni. 

Tornoceras wniangulare. 

Bactrites. 

Spirifer mucronatus, small, varicose form of var. posterus. 

Leptostrophia mucronata. 

Ambocelia umbonata, 

Chonetes lepida. 

Paleoneilo muta. 

P. cf. constricta. 

Cladochonus. 

XV‘. Another exposure favorable for examination les on the same 
stream, where it is crossed by the highway at an elevation of about 425 feet 
above the lake, that is, not less than 300 feet above the outcrop last mentioned. 
The rocks are soft and in part sandy shales, with a characteristically Portage 
fauna throughout, viz. : 

Buchiola speciosa. 

Cardiola Doris (ce). 

Lunulicardium fragile (¢). 

Chonetes scitula. 

Lingula cf. spatulata. 

Bellerophon, resembling an undescribed species from the Styliola lime: 
stone. 

Probeloceras Lutheri, small variety. 

Manticoceras Patersoni. 

Tornoceras uniangulare. 

Styliolina fissurella. 

With proper allowance for dip the horizon of this fauna cannot be far 
from that of Station XIV‘ and the higher Lunulicardium beds of XIII. 

XV*. At the village of Dundee, Yates county, on the same stream and 
at an elevation of 600 feet above the lake, are sandy, unfossiliferous shales 
abounding in large, flat clay-iron-stone concretions, having cone-in-cone fully 
developed. 

Station XVI. The village of Starkey is about two and a half miles east 
of Dundee and the same distance north of Station XV. At the elevation of 
the Northern Central railroad station occurs a sandstone with Cladochonus. 
In similar layers above, the fauna is repeated. It consists of 

Cladochonus (ce). 


Spirifer mucronatus, small yaricose variety. 
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Cyrtina Hamiltonensis. 

Ambocelia wmbonata. 

Orthis, sp.? a moderately large form of Dalmanella. 

Lunulicardium cf. ornatum. 

Manticoceras Paterson. 

Station XVII Plum creek, running east and west through the village 
of Himrods, Yates county, and entering Seneca lake, makes a ravine through 
the lower Portage and upper Genesee beds. At the lake (elevation 447 feet 
A. 'T.) are the bituminous beds of the Genesee above the Styliola layer, whose 
position in this formation is just about at the lake level. The height of the 
Genesee slate in the sides of the ravine is 150 feet, and the beds near the 
top bear its characteristic fossils, ¢. 7., 

Schizobolus truncatus. 

Orbiculoidea Lodensis. 

Chonetes scitula. 

Liorhynchus quadricostatus. 

Nucula corbuliformis. 

Phthonia lirata. 

Pleurotomaria rugulata. 

Styliolina fissurella, 

The Portage beds come in with a gradual change from black to greenish 
shales, followed by flags and thick sandstones. At 170 feet occur 

Lunulicardium fragile, 

Buchiola speciosa. 

Cardiola Doris. 

Bactrites cf. gracilis. 

Probeloceras Lutheri. 

Tornoceras uniangulare. 

Beneath sandy layers similar to those described at Station XVI occur 
shales with Buchiola speciosa at the Northern Central railroad cut, two miles 
southeast of Penn Yan; and again, in close connexion with such beds, one and 
a half miles south of Penn Yan, on the road to Branchport, are sandy shales 
bearing Lunulicardium fragile, sixty feet above Keuka lake (elevation 718 
feet A. fay 

Station XVII. Belknap’s gully, two miles north of Branchport, Yates 
county. Elevation of mouth of ravine not more than fifty feet above Keuka 
lake. A carefully measured section of the exposures here has been given by 
Mr. D. D. Luther in the Thirteenth Annual Report of the State Geologist 
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(1895), pp. 128-125. The lowest shale beds lie near the base of the Portage 
group, and are followed by a band of black shale (“Lower Black band”), 
forty feet in thickness, above them lying bluish sandy shales with thin flags 
(95 feet). The latter shales bear fossils at intervals : 

“Ongulina” suborbicularis. 

Buchiola speciosa. 

Productella spinulicosta. 

Above these are 125 feet of sandy shales and thin sandstones, which are 
capped by a western continuation of the red and green nodular limestone or 
“Goniatite concretionary layer,” which is better developed in the Naples 
valley, and has been frequently described by the writer. 

Thirty-five feet below this concretionary layer the following fossils were 
Tound : 

Manticoceras Paterson. 

Bactrites cf. gracilis. 

Bellerophon natator. 

Buchiola speciosa. 

LIunulicardium ornatum. 

LL. sp. nov., with extremely fine radial striae, frequent in the Naples 
section. 


Lucina? ? 


sp. noy.; fine lined species representing an undescribed 
generic form; abundant in the Naples section. 

At this point, lying just about half-way (twelve miles) between the 
Seneca lake section on the east and the Naples section on the west, the true 
Portage or Naples fauna prevails largely to.the exclusion of representatives of 
the Ithaca fauna. The sections described have clearly shown the gradual 
appearance of certain of the more generally diffused species of the Portage 
fauna (¢. g., Manticoceras Patersoni, Buchiola speciosa) as far to the eastward as 
the Tioughnioga valley, in the midst of a highly developed Ithaca fauna; the 
diminution of the latter with a notable increase of the former in all Seneca 
lake stations, and finally a virtual exclusion of the latter, at Branchport, 
though we do not find here the more prolific development of the former 
attained in the Naples valley and westward. 


Norr.—The diagrams given upon page 62 require a word of explanation. The upper curve in each is not a topographic line, 
but is employed to facilitate the expression of the varying thickness in the deposits of the Portage epoch. The differential crust 
movements, which are the important factors in this difference in sedimentation, might also have been suggested by a curvature of 
the strata underlying the Portage seciments. There is not sufficient difference in the lithologic character of the deposits through- 
out their extent to justify an assumption of material diversity in bathymetric conditions. Therefore we regard the Naples region, 
one of much less rapid crustal depression than the regions east and west. By introducing the upper curve of these diagrams, at 
the hase of the Portage sediments, we might have indicated with approximate accuracy such differential depression of the crust 
during this later epoch of the Devonian. Such curvatures of the underlying rocks are, however, not yet deducible from recorded 
facts. 

6 


a : f : 
Dae ari 
- 

eh ®: 


4 
* 
b 
F »s 
acne: ns 
I ie 
= = 
es 
i cA 
i 


GEOLOGICAL SURVEY OF THE STATE OF NEW YORK. 


(GEOLOGICAL MAP.) 


THE CLASSIFICATION AND DISTRIBUTION OF THE HAMILTON 
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Dr. James Hall, State Geologist. 


Sir :—I herewith present my report on the classification and distribution 
of the Hamilton and Chemung series of central and eastern New York. This 
report is based largely on field work conducted during the summer of 1895. 


Respectfully yours, 
CHARLES 8. PROSSER. 


Union Cotiecr, Scuenectapy, Jan. 1, 1896. 
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The Classification and Distribution of the Hamilton and 
Chemung Series of Central and Eastern New York. 


By Cuartes 8. Prosser. 


Contrents.—Introduction ; Ithaca formation, p. 87; Annual New York Reports, p. 87; Final 
New York Reports, p. 90; Views of more recent Contributors, p. 92. The Chenango Valley section: 
The formations of Central New York, p. 94; Sangerfield and Madison, p. 96; Onondaga limestone and 
Marcellus shale, p. 96; Hamilton formation, p. 96; Hamilton and Brookfield, p. 96; Smyrna, p. 100, 
Sherburne, p. 123; North Norwich, p. 137; Norwich, p. 140; Oxford, p. 148; Greene, p. 150; Fenton 
and Chenango, p, 154. Vhe Unadilla Valley section : Columbus, p. 167; New Berlin, p. 170; Pittsfield, 
p. 178. Geology of Southern Otsego county: New Lisbon, p. 180; Laurens, p. 190; Hartwick, p. 194; 


Milford, p. 194; Maryland, p. 204. e 


INTRODUCTION. 


Ithaca formation—During the summer of 1895 the Ithaca formation, 
with those immediately below and above, was carefully studied, proceeding 
eastward from the meridian of the Chenango river valley until its fauna dis- 
appears in Schoharie and Albany counties. A residence of nine years in 
Ithaca made the writer well acquainted with the typical exposures and fauna 
of this stage, while other investigations familiarized him with the same series 
of deposits in southeastern New York and eastern Pennsylvania. The region 
examined in 1895 had not been systematically studied in recent years, and it 
proves to be one of the most interesting of the New York Upper Devonian. 
However, before entering upon a systematic description of the characters and 
distribution of the Ithaca stage, it will be well to review briefly the former 
papers describing this formation. 

Annual New York Reports—The name Jthaca group’ was proposed by 
Professor James Hall, in 1839, for a mass of rocks which consists of “ alterna- 
tions of shale, both slaty and compact, and argillaceous sandstone,” typically 
exposed at Ithaca. At this time the underlying shales and argillaceous sand- 
stones, which were later called the Portage group, had not received a name, 
although they were recognized as constituting a group, and their stratigraphic 
position was correctly indicated.? Professor Hall separated the Ithaca group 


1In this review the nomenclature of the New York reports is followed. 
2 Third Annual Report, Fourth Geological District, New York (Assembly Doc. No. 275, 1839), page 318. 
3 Tbid., pp. 302-4, 314. 
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from the lower one because it differed “in the contained fossils, and in some 
particulars of its lithologic character.”’ The succeeding formation—the 
Chemung—was also named and briefly described in this report,” mention being 
made of “a great variety of beautiful and characteristic fossils,” several of 
which were generically identified.’ | 

Vanuxem, in 1840, reported flags of excellent quality near Sherburne, 
Chenango county, and proposed the name Sherburne jflagstones for the 
group underlying the Ithaca, stating that, “the stones are of various grades 


”4 and further 


of thickness, alternating with greenish or olive colored shale, 
that “the flagstone mass” extended from Cayuga lake through the Third 
Geological District.’ 

Immediately following the Sherburne flagstones is the Ithaca group, 
which Vanuxem described as “consisting of sandstone and shales, forming a 
thick mass, highly fossiliferous.”® Next came the Chemung group, which 
‘forms the narrows of the Chemung riveg, whence its name,” and finally the 
Montrose sandstone, or sandstone of Oneonta, which, according to Vanuxem, 
‘is the last or upper rock of the Third District * * * [and] is found 
in Otsego, Chenango and Broome counties.”* Vanuxem also stated that the 
Montrose sandstone covered the whole of the upper part of Susquehanna 
county, Pennsylvania, its name being selected because it surrounds the town 
of Montrose, in that county. Although not explained in the report of 1840, 
the final report by Vanuxem shows that the other term, “sandstone of One- 
onta,” referred to the ledges of greenish grey sandstone on the hills near 
Oneonta, in the southern part of Otsego county, New York. 

Professor Hall spent the field season of 1839 in western New York, 
studying the formations of Steuben, Allegany, Cattaraugus, Livingston and 
Genesee counties, and in his report we find a classification of the rocks of the 
Fourth District, “giving their order of succession, together with the names of 
afew of the most common and characteristic fossils;” the classification for 
that part of the series which is now under consideration being as follows: 

“Old Red Sandstone. 

“Chemung Group. 


“ Portage Group. 


1Third Annual Report, Fourth Geological District, New York (Assembly Doc No. 275, 1839), p. 318. 

2 Tbid., pp. 822-324. 

3 Tbid., p. 322. 

4 Fourth Annual Report, Third Geological District, New York (Assembly Doc. No. 50, 1840), p. 881. 

5 The counties forming the eastern part of the Third Geological District were Fulton, Montgomery, Otsego, Chenango and 
Broome, which would imply that the group was regarded as reaching the eastern part of Otsego county. 

6 Fourth Annual Report, p. 381. 

7 Tbid., p, 881. 
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“Gardeau Flagstones. 

“Tthaca Group. 

“ Cashaqua Shale and Sandstone. 

“Upper Black Shale [Genesee of the later reports ]. 

“Tully Limestone. 

“Moscow Shale;”' the upper division of the Hamilton group of the 
later reports. 

That which especially claims our attention in the aboye classification is 
the position of this group. Professor Hall clearly indicated the relative 
position of the Ithaca group and its extension westward, stating that “in the 
order of succession the Ithaca group follows the Cashaqua shale; but in the 
Genesee valley, and the counties examined this season, that group [Ithaca | 
is entirely wanting, and will probably not be identified farther west than 
Seneca lake.”* In the final report the Cashaqua shales, Gardeau sandstones 
and Portage group of this report were classed together as forming the Portage 
group, while the Ithaca group was regarded as forming the lower division of 
the Chemung group. Subsequent studies have shown the earlier to be the 
more accurate of the two correlations. 

In the annual report of 1841, which is the last one of the series, Pro- 
fessor Hall said that “the tabular arrangement of strata given at the conclu. 
sion of last year’s report, is fully borne out by the examinations of the past 
season, with the exception of the Ithaca group, which cannot in most parts of 
the district [Fourth] be identified as distinct from the Chemung.” ® 

Conrad’s report of 1841 contains a table of the New York formations 
which he referred to the Silurian system, dividing the system into a lower, 
middle and upper series, of which the following formations composed the 
upper series : 

“ 26. Oneonta Group. 

“95. Cazenovia Group. 

“24. Tully Limestone. 

“23. Sherburne Group. 

“22. Shales near Apulia. 

“21. Black Slate.” ® 

Several of the formations were evidently named by Conrad, and the 


relative succession was not correct in all cases, as for example, with the 


1 Fourth Annual Report, Fourth Geological District (Assembly Doc. No. 50, 1840), p. 453. 
2 Thid., p. 390. 

8 Geology of New York, Part IV, 1843, p. 224. 

4 Tbid., pp. 251, 259. 

5 Fifth Annual Report, Fourth Geological District (Assembly Doc. No. 15), 1841), p. 179. 
6 Fifth Annual Report on the Palaeontology of New York, 1841, idid., p. 31. 
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Cazenovia group, which is a part of the Hamilton formation of the final 
classification, and is below the Tully limestone.’ No. 21, the “Black slate” of 
Conrad, is the Marcellus shale; the “shales near Apulia,” “Sherburne group ” 
and “ Cazenovia group” belong to the Hamilton formation, while the “Oneonta 
group” belongs to the Ithaca group. The names Sherburne, Cazenovia and 
Oneonta groups were apparently proposed by Conrad, and it is important to 
observe that Vanuxem, in 1840, used two of these names for formations in a 
different sense from that in which Conrad apphed them. The “Sherburne 
flagstones,” of Vanuxem, being above the Tully limestone, and in the Portage 
group of the final reports; the “Sherburne group” of Conrad, be/ow the Tully 
limestone and in the Hamilton group. The “ Oneonta sandstone ” of Vanuxem 
referred to the heavy greenish-grey and red sandstones in the upper part of 
the hills, near Oneonta, while the “ Oneonta group” of Conrad, as shown by 
the fossils which he described therefrom, was composed of the bluish shales 
and sandstones in the Jower part of the hills and along the Susquehanna river 
valley, in the vicinity of Oneonta? The Chemung and Catskill groups, Conrad 
regarded as belonging to the “Old Red Sandstone” or the Devonian system.’ 

In 1842, Conrad published a paper entitled “Observations on the Silurian 
and Devonian Systems of the United States, with Descriptions of New 
Organic Remains,” in which he drew the dividing line between the Devonian 
and Silurian at the base of the Ithaca group. Conrad stated that “the rocks 
of the Ithaca group, Chemung group and the Old Red Sandstone, near Bloss- 
burg, in Pennsylvania, constitute the Devonian system as developed in 
Europe, and contain a number of the organic remains which characterize the 


Devonian) see 


The lower or Ithaca rocks, many hundred feet thick, 
contain quite a distinct class of fossils, either from the Silurian below or from 
the Chemung strata above. The Chemung rocks, I have ascertained, hold 
many forms analogous to the rocks of Devon, which constitute the Devonian 
system, and some identical species.” * 

Final New York Reports—The reports of 1841 closed the series of the 
annual reports of the New York geologists. Their final reports were the next 
publications, those of Emmons and Vanuxem appearing in 1842, and, in the 
following year, those of Mather and Hall. The Ithaca group, together with 


the formations immediately underlying and overlying it, does not occur in the 


1 In reference to the stratigraphic position of the Cazenovia group, see Prosser in American Journal of Science, third series, 
Vol XLVI, 1893, p. 214, 

2See Prosser in Proceedings American Association Advancement of Science, Vol. XXXVI, 1887, p. 210; and American 
Journal of Science, third series, Vol. XLVI, 1893, pp. 214, 215. 

8 Fifth Annual Report, Palaeontology New York (Assembly Doc. No. 150, 1841), p 41. 

4 Journal Academy Natural Sciences, Philadelphia, Vol VIII, p. 222. 
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Second District, consequently Emmons in his final report does not discuss 
their relations. 

Vanuxem in his final report referred to the Portage or Nunda group, 
the Cashaqua shale, Gardeau and Portage groups and Sherburne flagstone of 
the annual reports.’ 

The Ithaca group remained as a distinct formation between the Portage 
and Chemung groups. Vanuxem claimed that “the rocks at Ithaca presented 
a different mineral appearance from those below, and from those above them ; 
being darker colored, and the shaly part coarse, harsh, dull, and less disposed 
to be in layers than either of them, containmg numerous fossils, which were 
wanting in the flags, etc., below; while those of the lower part of the mass at 
Ithaca appeared to be different from those of the Chemung group.”? And he 
further said that it was his intention at first “to unite the Sherburne and the 
Ithaca masses, not having discovered in the district those leading characters 


* * * 


by which they could be readily distinguished but finding, on the 
contrary, that Mr. Hall was desirous to unite the Ithaca and the Chemung 
groups, from the little or no difference which he could perceive between them 

in his district, and that the lower masses merited a distinct name, the original 
| arrangement was retained, and the name of Sherburne changed to Portage or 
Nunda group.” ? 

In describing the Chemung group, Vanuxem stated that “between the 
Ithaca and Chemung group no precise line of division was observed. A high 
ridge was seen rising above the inclined plane at Ithaca; the rocks to the 
south contained none of the brownish sandstone of the Ithaca, and there were 
different fossils noticed in the two; upon these differences the Chemung group 
was founded.” * 

Mather’s final report, describing the First Geological District or south- 
eastern New York, appeared in 1843. Mather states that the Ithaca and 
Chemung groups occur in the First Geological District,? and mentions their 
occurrence in the southwestern townships of Albany county,’ but does not give 
any detailed account of the characters or distribution of these formations. 

Hall’s final report was also published in 1848, in which the geology of 
western New York is exhaustively described. In this report Professor Hall 


followed the opinion announced in his annual report of 1841, and referred the 


1 Geology of New York, Part III., 1842, p. 172. 

2 Thid., p. 171. 

3 Ibid., p. 171. 

4 [bid., p. 179. 

5 Geology of New York, Part I., p. 317. 

6 Tbid., p. 321, townships of ‘* Rensselaerville and Westerlo, and a part of Bern,” 
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Ithaca group to the Chemung, stating that the reason for uniting the two 
groups is “the impossibility of identifying them as distinct by any character- 
istic fossils.”!_ To the Portage or Nunda group Professor Hall referred the 
Cashaqua shale, Gardeau and Portage groups, and the Sherburne flagstones of 
the annual reports.’ 

On the geologic map of New York, published in 1842, and the agricul- 
tural and geologic map, published in 1844, the Portage and Chemung groups 
were colored together, the Ithaca group not being mentioned. 

Emmons prepared a report on the “Agriculture of New York,” and 
Chapter VI. of Vol. I. is devoted to a classification and description of the 
rocks of the State.* In describing those formations which are under special 
consideration at present, Emmons used the heading, “Portage, Ithaca and 
Chemung groups of the central counties of New York.” * 

It seems that Emmons recognized a considerable difference between the 
Ithaca and typical Chemung, as shown by the fossils collected at several 
places, but that he was not prepared to actually separate the Ithaca from the 
Chemung group. In respect to this classification Emmons said: “It would 
seem, from a comparison of facts developed by a careful examination, that the 
Ithaca group is not equivalent to the Chemung as it is developed at the 
Chemung narrows, but rather that it is beneath, and situated between the 
Portage and Chemung groups. There is, however, no necessity for separating 
the Ithaca from the Chemung group; it is more simple to regard the masses 
as parts of one series, in which the inferior and superior may differ in many 
points.” ® 

Professor Hall, in the descriptions of the fossils from the Ithaca group at 
Ithaca and other localities, has adhered to the classification in his final report, 
and referred them to the Chemung group.® 

Views of More Recent Contributors.—The next important contribution to 
the literature of the Ithaca group was the bulletin of Prof. Henry 8. Williams, 
on “ The Fossil Faunas of the Upper Devonian,” which bears the date of 1884. 
In this paper the characteristics of the rocks near Ithaca and southward into 
the typical Chemung of southern New York and northern Pennsylvania are 
described, accompanied by lists of fossils from numerous exposures. As a 


1 Geology of New York, Part TV., p. 250. 

2 Ibid., p. 224. 

3 This volume was published in 1846, and Chapter VI., which is called the ‘‘ New York System,” comprises 95 of the 371 pages 
of the volume. 

4 Agriculture of New York, Vol. I., p. 190. 

5 Ibid., p. 191. 

6 Geological Survey, New York, Palaeontology, Vol. [V., Part I., 1867, Brachiopoda ; idid., Vol. V., Part I., Lamellibranchiata 
I., 1884; édid., I1., 1885. 
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result of the studies explained in this bulletin and later papers, Professor 
Williams regarded the Ithaca group fauna as coming from the eastward and 
occurring in the midst of rocks which in western New York are called the 
Portage group, these being succeeded by the Chemung group. Professor 
Williams summarized the section as follows, beginning with the Genesee slate 
at the base of the section on Cayuga lake: 

“Ist. Genesee slate fauna. 

“2d. Portage group fauna, distributed through approximately 1,300 feet 
of strata, but interrupted by the intrusion of the Ithaca fauna and several sub- 
faunas.’ 

“3d. Chemung fauna, occupying at least 1,200 feet of strata.” * 

The distribution of the Ithaca fauna is indicated to some extent on a 
chart of “ Meridional Sections of the Upper Devonian Deposits of New York, 
Pennsylvania and Ohio,” by Prof. H. 8. Williams, published in 1886. This 
paper considers the composition of the Ithaca fauna and its relation to other 
faunas, and the author says: “The Ithaca group of the State reports, contains 
faunas which I have defined as stages in the successive modifications of the 
Hamilton fauna, This set of faunas differs from the Chemung fauna in the 
absence of several of its common and abundant species, and by presenting 
unmistakable evidences of earlier stages in modification of species which are 
near enough alike to be classified under the same specific name.” ? 

In 1886, Professor Williams repeated his statement that the Ithaca zone 
is separated from the lowest beds containing characteristic Chemung’ fossils 
by about 600 feet of flaggy and shaly deposits which contain a few Portage 
species. The author’s opinion in reference to the relationship of the Ithaca 
fauna being expressed as follows: “The Ithaca fauna and its equivalents are 


1 This mass of rocks is subdivided as follows by Professor Williams: 


Upper Lortare sandstones ANGUShAalesasac-sc- secs ~ cialelslelas «Fels cieiole leis wieieloisiels wlbipisle ol-)« Vis sretnpplsiain 600/ 
MEDORA CA ice cscs ce erat slob rk kins iden cha a’ere cle gibte ainfiliny Apelata oats ef Tarang 200/ 

Middle Portage... < Typical Ithaca .............-....-- ey aa HOMO ORO auEaAaEeDeGaoeresd 100’ 450! 
ROW OTe EACH ere area cletercatc eats ee teie otelotn ehoyarohs cieleyay es nels gern alpinvelainla\dy--re/nials (> 150’ 

Lower Portage sandstones and shales. ............ ...ss25 «ss De oo tootiiooee IO OC cn canogdae 250/ 

1,300’ 


See Prosser, in Transactions American Institute Mining Engineers, Vol. XVI, 1888, p. 945. 

2 Bulletin United States Geological Survey, No. 3, on the ‘t Fossil Faunas of the Upper Devonian along the meridian of 76° 
30’ fiom Tompkins county, N. Y., to Bradford county, Pa.,” p. 29. See also statement on p. 20 that ‘the study of the order of 
the faunas alone in this meridian furnishes strong evidence for the opinion that what I have called the Ithaca fauna, which was 
characteristic of the ‘Ithaca group’ of the early State geologists, is geographically a temporary fauna, preceded and followed 
by the conditions and fauna generally regarded as belonging to the Portage group.” The following year Professor Williams 
said: ‘In the Portage group at Ithaca, as I have already shown, is a rich fauna, not equivalent to the Chemung, bnt inter- 
mediate between it and the Hamilton.” (Proceedings American Association Advancement of Science, Vol. XXXII, Pt. II, 
1885, p. 423.) 

3 Proceedings American Association Advancement of Science, Vol. XXXIV, p. 233. This paragraph was condensed and quoted 
as follows by Professor Williams in 1891; ‘‘'The ‘Ithaca group’ contains a modified Hamilton fauna, which differs from the 
Chemung fauna in the absence of some of its most characteristic species.” (Bulletin United States Geological Survey, No. 80, 
Correlation Papers, Devonian and Carboniferous, p. 134.) 
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wanting in the more characteristic of the Chemung species, and its whole 
facies links it as intimately with the Hamilton as with the typical Chemung 
fauna.” * 

Finally, Williams, in describing the Genesee section of western New York, 
says that not a trace of the Ithaca fauna is seen in Wyoming and Allegany 
counties, The Cayuga lake section was briefly described in this bulletin, the 
author characterizing the Ithaca group as follows: “ A rich fauna, the Ithaca 
fauna, is found in that section [Cayuga lake] before the termination of the 
Portage fauna, but in its species it resembles both the eastern Hamilton fauna 
and the true Chemung fauna. The studies of its species, and of those occur- 
ring above, proves that it represents an earlier stage than that of the Chemung 
fauna, and that it lies de/ow as well as above deposits containing the genuine 
Portage fauna.” * 

In 1893, Prosser reviewed the section of the Ithaca group and limiting 
formations as exposed near Ithaca, and discussed the correlation of beds of 
similar age farther east.2 Professor J. M. Clarke, in 1895, reporting on field 
work in Chenango county, discussed in a philosophical way the relation of the 
Ithaca and Portage groups. The presence of a slightly modified Hamilton 
fauna above the horizon of the Tully limestone and Genesee shales in the 
Chenango valley region, as noted by Clarke, makes this paper, which later 
we will consider more carefully when describing the geology of that valley, 
especially important.‘ 


THe CHENANGO VALLEY SECTION. 


For several reasons it is thought best to first describe the Chenango 
valley region before attempting to trace a dividing line between the Middle 
and Upper Devonian of central and eastern New York. 

The Formations of Central New York.—In central New York, in recent 
years, the geologic formations and series composing the Middle and Upper 
Devonian have generally been given as follows, the base of the list being the 
oldest : 


1 American Journal of Science, third series, Vol. XXXII., p. 198. 

2 Bulletin United States Geological Survey, No. 41, on the ‘‘ Fossil Faunas of the Upper Devonian, the Genesee Section, New 
York,” p. 23. The date of the publication of this bulletin is given as 1887, but owing to the delay in the Government Printing 
Office it was not published unti] near the close of 1888. s 

* American Journal Science, third series, Vol. XLVI, p. 217. 

4Thirteenth Annual Report State Geologist [New York] for the year 1898 (1895), pp. 552-557. 

Nore.—Since this paper was written Mr. Edward M. Kindle has published a bulletin on ‘‘ The relation of the fauna of the 
Ithaca group to the faunas of the Portage and Chemung” (Bulletins American Palaeontology, Vol. II., December 25, 1896, 56 pp , 
3pls.) In this bulletin Mr. Kindle gives a review of the Upper Devonian in New York, which is followed by a description of 
ten sections in the vicinity of Ithaca, together with lists of species occurring in the Portage and Ithaca groups He concludes 
that the fauna of the Ithaca group shows ‘a closer relationship to the Portage [than to the Chemung}, and should be classed in 
the Portage epoch.” (p. 49) 
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Catskill formation. 

5 Chemung formation. 

Cheminarseries gcse ci. se. Miia eye 4 
Oneonta sandstone. 

| Portage formation. 

( Genesee slate. 

' Tully limestone. 


Paw GOneSeTies! >.) 22sii- . nea. Petey cect x ‘ : : 
Hamilton formation. 


_ Marcellus shale. 


The base of the Hamilton series throughout Pennsylvania and New 
York is usually sharply defined by the base of the black Marcellus shale 
which rests on a massive light grey limestone known as the Corniferous or 
Onondaga formation. In western New York, and as fat east as the Chenango 
valley, the top of the Hamilton series is also clearly marked by another black 
shale—the Genesee. Some geologists have considered the Genesee shale or 
slate a part of the Hamilton series, and so the top of the Genesee has marked 
the line of separation between the Hamilton and Chemung series. Other 
geologists have considered the Genesee as the base of the Chemung series,’ in 
which case the base of the Genesee slate became the line of separation 
between the Chemung and Hamilton series. 

From the Chenango valley west into Ontario county” the Hamilton for- 
mation is terminated by the Tully limestone, a somewhat argillaceous lime- 
stone ranging from a few feet to thirty-five or more feet in thickness.2 The 
‘Genesee slate accompanies the Tully limestone as far eastward as the Chenango 
valley, but apparently the limestone and shale do not extend to the east of 


1 See Dana’s Manual of Geology, 4th ed., 1895, p. 602. Prof. H. 8. Williams, as reporter of the American sub-committee on 
the Upper Palaeozoic (Devonic) for the International Congress of Geologists, said : ‘‘ There can be no reason whatever for dividing 
the Genesee from the Portage, for in the typical section recurrences of the Genesee lithological conditions occur up to the very 
base of the Portage sandstones, which terminate the Portage group of the New York system.” (Congrés Géologique Interna- 
tionale. Compte Rendu, 4™° Sess., 1891, Appendix A, p. 143 [p. C 23 of the copies printed in 1888 by the American committee]. 
Also see p, A 145.) Professor Williams was also inclined to refer the Tully limestone to the Portage, for he said: ‘In order to 
adapt our usage to the accepted usage of European standards, when speaking of Upper and Middle Devonian, we should include in 
the Upper Devonian the Genesee shale and so much of the Tully as contains the Rhynchonella venustwa fauna.” (Ibid., and see 
p. A145.) This opinion was also advanced by Professor Williams in his paper on ‘'The Cuboides Zone and Its Fauna; a Dis- 
cussion of Methods of Correlation,’’ where he concludes with the following statement : ‘‘ Therefore, if we wish to express precise 
correlation in our classification of American rocks, the line between Middle and Upper [Hamilton and Chemung] Devonian forma- 
tions should be drawn at the base of the Tully limestone, to correspond with the usage of French, Belgian, German and Russian 
geologists.” (Bulletin Geological Society America, Vol. I, May, 1890, p. 499.) 

2¥For the western limit of the Tully limestone see Professor Hal]’s statement: ‘ This rock is virtually absent at all places west 
of Canandaigua lake ” (Geology of New York, Part IV., 1848, p. 213). Also the Geological Map of Ontario county, New York, by 
J. M. Clarke, on which it is represented as not reaching Canandaigua lake. The author says ‘‘the rock disappears entirely in 
Gorham some miles before reaching the east shore of Canandaigua lake ” (Report State Geologist [New York] for 1884, 1885, p. 17)- 
It has more recently been shown by D. D. Luther, that the westernmost outcrop of this limestone is about one mile from Gage’s 
Landing, on the east shore of the lake mentioned, and that its place in the rock series from this point westward to Erie county is 
taken by a thin stratum of iron pyrites (Thirteenth Report State Geologist [New York] for the year 1893, Vol. I., pp. 38-42, 1894). 

3 Professor H. S. Williams says: ‘‘ From a few feet to over fifty feet’’ (Bulletin Geological Society of America, Vol. I., p. 487). 
Professor S. G. Williams gave the greatest thickness as on Skaneateles lake, where he measured two sections, one twenty-five feet 
four inches, the other twenty-eight feet two inches, and at Tinker’s Falls, ‘‘ twenty-six or thirty-seven and one-half feet, accord- 
ing as one includes or excludes the impure mixed top and bottom portions” (Sixth Annual Report State Geologist [New York] 
for 1886, 1887, p. 20). 
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that valley.' From the above statements it may readily be seen that the 
section of the Chenango valley is a very important one as regards the classifi- 
cation of the Middle and Upper Devonian, especially as to where the Ime 
separating the two series is to be drawn. On this account it is considered 
advisable to describe somewhat fully all the formations exposed along the 
river valley, beginning with the base of the Middle Devonian, the Marcellus 


shale, and closing with the Chemung group near Binghamton. 


Sangerfield and Madison. 


Onondaga Limestone and Marcellus Shale—The eastern branch of the 
Chenango river rises in the eastern central part of Sangerfield township, 
Oneida county. The greater part of the township is covered by rocks belong- 
ing to the Marcellus and Hamilton formations. The Onondaga limestone 
crosses the northern line of Sangerfield township near its central part, but soon 
returns into Marshall township for a short distance, and then cuts across the 
northwestern corner of Sangerfield, and extends halfway across the northern 
part of Madison township before it again turns northerly. In the northern 
part of Madison township the Marcellus is mostly covered, and there are but 
few exposures. 

Hamilton Formation —tThe lower part of the Hamilton formation, which 
consists of thin sandstones alternating with arenaceous and argillaceous shales, 
is better exposed than the Marcellus. The lill north of Solsville shows 
coarse, arenaceous shales containing large fossils, and also a sandstone stratum, 
two feet in thickness, which was quarried and used in the construction of the 
Chenango canal. Above the sandstone and arenaceous shales are blocky 
argillaceous shales, in which Liorhynchus is quite common, but other fossils 
are rare. The shales contain many small concretions which, on weathering, 
become considerably iron stained. Near the base of the hill, one-half mile 
southwest of Madison village, are ledges of coarse, arenaceous shales, in which 
Spiriter granulosus (Con.) Hall, Stropheodonta, Chonetes and large Lamelli- 
branchs occur. 

Hamilton and Brookfield. 

Six miles south of Madison is Hamilton, a classic town to the geologist, 
since Vanuxem first applied the name //amilton group to the exposures of 
rock in the vicinity of this village, stating that “ West Hamilton [now Ham- 


1It is true that Vanuxem reported the Genesee slate at North New Berlin (correctly New Berlin) (Geology New York, Part 
ITI., 1842, p. 292), which is in the Unadilla valley, some thirteen miles southeast of the last place noted in the Chenango valley, but 
careful search in the vicinity of New Berlin failed to reveal the Genesee slate, although there is an excellent exposure showing 
the contact of the Hamilton and Portage. a 
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ilton | is the locality where it is well characterized.” On University Hill are 
several exposures of arenaceous shales and thin sandstones. About eighty 
feet above the main buildings of Colgate University is a small excavation in 
fairly coarse, arenaceous shales, in which Rhynchonellas are common. Near 
the summit of the hill is the large university quarry, with an exposure of 
twenty feet of shales and sandstones. Coarse, arenaceous shales predominate 
in the upper part of the quarry with thin sandstone strata, which were used for 
the older university buildings. In the middle and lower part of the quarry 
the sandstones are thicker and of better quality. The stone in the laboratory 
building came from the middle part of this quarry, and that in the theological 
hall from the bottom of the quarry, which furnishes a blue sandstone, eight 
inches or more in thickness. Fossils are common, particularly in certain 
layers, the most abundant being Spirifer mucronatus (Con.), Bill., some of the 
specimens of which are very much extended along the hinge line, representing 
the extremely mucronate form of the species; Ambocelia umbonata (Con.), 
Hall, and Zropidoleptus carinatus (Con.), Hall. This quarry is supposed to 
be the one described by Vanuxem when he said: “At the top of the hill, 


about twenty feet of sandstone and shale are exposed. Fossils are 
numerous at the quarry, among which are the mucronated delthyris | Sp/r/fer 
mucronatus (Con.), Bill.|, the one figured in the wood-cut being from this 
2 


locality. The figure of the Sp7r/fer just mentioned? indicates that it is one 
of the strongly mucronate forms similar to those which I have mentioned as 
occurring in this quarry. 

To the east of Hamilton township is Brookfield township, the geology of 
which has been carefully studied by the writer. Near the village of North 
Brooktield, in the valley of the East Branch of the Chenango river, and eight 
miles north of east of Hamilton village are excellent exposures of the rocks in 
the lower and middle part of the formation. Somewhat arenaceous shales in 
the bed of a small brook just north of the village contain numerous specimens 
of Ambocelia umbonata (Con.), Hall, but other fossils are not abundant. The 
species noted from this brook are as follows : 

1. Ambocelia wmbonata (Con.), Hall. 
2. Productella Shumardiana, Hall. 


3. Strophalosia truncata, Hall. 


1 Fourth Annual Report, (Assembly Doc. No. 50,) 1840, p. 890. Also see the description of the Hamilton group in Vanuxem’s 
Final Report, 1842 (Geology New York, Part III., p. 157). Again, under the description of the formations of Madison county, 
Vanuxem wrote: ‘‘The hill at the seminary [now Colgate University] is the most favorable point for the examination of the 
group [Hamilton] as it appears in the county.’ (Jdid., p. 276.) 

2 Geology of New York, Part ITI., 1842, pp. 157, 158. 

3 [bid , Fig. 3, p. 150. 
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. Rhynchonella (Camarotechia) prolifica, Hall. 
5. Tropidoleptus carinatus (Con.), Hall. 
Spirifer mucronatus (Con.), Bill. 

7. Paracyclas lirata (Con.), Hall. 

8. Nucula Randalli, Hall. 

9. Homalonotus De Kayi (Green), Emmons. 

10. Grammysia, sp. 

Near the highway from North Brookfield to Brookfield, about one and 
one-half miles east of North Brookfield, is a small quarry with five feet of 
massive bluish-grey sandstone at the base, capped by coarse arenaceous shales, 
The shales are fossiliferous, the fauna being as follows : 

1. Phynchonella (Camarotechia) sappho, Hall. 
2. Rhynchonella (Camarotechia) congregata (Con.), Hall (?). 
3. Chonetes coronata (Con.), Hall. 


4. Lingula ligea, Hall (?). 

5. Orbiculoidea (Roemerella) grandis (Van.), Hall and Clarke (2), 
6. Spirifer audaculus (Con:), Hall. 

7. Spirifer mucronatus (Con.), Bill. 

8. Modiomorpha complanata, Hall. 

9. Grammysia bisulcata (Con.), Hall (?). 


10. Goniophora Hamiltonensis, Hall. 

11. Cimitaria recurva (Con.), Hall. 

12. Tentaculites attenuatus, Hall. 

13. Orthoceras constrictum, Van. (2). 

14. Crinoid stems. 

In the upper part of the high hills near North Brookfield are dark 
argillaceous shales in which fossils are abundant. The outlet of Gorton lake, 
east of the village, exposes eighty feet ot these soft shales, which have furnished 
the following species : 

1. Stropheodonta perplana (Con.), Hall. 

2. Athyris spiriferoides (Katon), Hall. 

3. Spirifer audaculus (Con.), Hall. 

4. Spirifer mucronatus (Con.), Bill. 

5. Spiriter granulosus (Con.), Hall. 

6. Rhynchonella (Camarotachia) prolifica, Hall, 
7. Orbiculoidea Doria, Hall. 

8. Ambocalia umbonata (Con.), Hall. 


9. Nucleospira concinna, Hall. 
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10. Vitulina pustulosa, Hall. 

11. Chonetes coronata (Con.), Hall (¢). 
12. Orthoceras constrictum, Van. 

13. Orthoceras subulatum, Hall. 

14. Orthoceras nuntium, Hall. 

15. Paracyclas lirata (Con.), Hall. 

16. Grammysia bisulcata (Con.), Hall (2). 
17. Actinopteria decussata, Hall. 

18. Pterinea flabellum (Con.), Hall. 

19. Phacops rana (Green), Hall. 

20. Homalonotus DeKayi (Green), Emm. 
21. Havosites Hamiltoniw, Hall. 

22. Paleoneilo constricta (Con.), Hall. 
23. Nuculites oblongatus, Con. 


nse 


. Tellinopsis subemarginata (Con.), Hall. 
. Nucula Randall, Hall. 
. Nyassa arguta, Hall (?). 
. Nuculites triqueter, Con. 
. Nucula bellistriata (Con.), Hall. 
Eleven miles southwest of North Brookfield, and six miles south of 
Hamilton, is Earlville, situated between the East and West Branches of the 
Chenango river, and on the Madison-Chenango county line. The two branches 


o 
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of the river are a mile apart, forming a broad valley with but few exposures 
of bed rock in the vicinity of the village. About one-half mile northeast of 
the village near the top of the low hill, is the White quarry, in which about 
twenty feet of sandstones and arenaceous shales are exposed. The best 
building stone, a bluish sandstone, is near the bottom of the quarry, and about 
five feet above the bottom is a stratum composed almost entirely of shells, 
largely L?hynchonellas, which is called a “fire stone,” and higher is another 
similar stratum. Spirifer granulosus (Con.), Hall, Tropidoleptus carinatus 
(Con.), Hall, and Fthynchonella are common in the quarry. 

The best exposures near Earlville are to be found, however, in the cut 
on the old Syracuse and Chenango Valley railroad (now called the Chenango 
Branch of the West Shore railroad), a little over a mile above the Ontario 
and Western railroad station at Earlville. The cut is twenty-five feet deep 
in places, through dark blue, blocky shales which, on weathering, crumble 
to small pieces. The shales are also well exposed in the gorge of the 
brook at the same place. These shales underlie the coarse shales. and 
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sandstones of the White quarry, northeast of Earlville. Fossils are abun- 
dant, mainly small forms, although Spirifer granulosus (Con.), Hall, is 
common. The small Lamellibranchs are the abundant and characteristic 
fossils of this zone, especially the Wuculide and species of similar habitat, and 
the locality is well known to some collectors of Hamilton fossils. 

The gorge in Kingsley’s brook at Randallsville, four miles above Earl- 
ville, is another excellent locality for collecting. The rocks are blocky, 
moderately coarse arenaceous shales, which form cliffs twenty-five to thirty 
feet high along the brook. Fossils are common, especially Ambocelia umbo- 
nata (Con.), Hall, and Liorhynchus multicosta, Hall, while in the finer shales 


Spiriter mucronatus (Con.), Bill, is abundant. 


Smyrna. 


Three and one-half miles southwest of Karlville is the village of Smyrna, 
in Smyrna township, which is in the northern tier of townships of Chenango 
county. The upper part of the Hamilton formation is well exposed in the 
brooks near Smyrna, especially along Pleasant brook from the village north- 
westerly. 

In drawing the line of separation between the Hamilton and Portage 
formations im central New York, Smyrna township is an important region 
since it embraces the easternmost extension of the Tully limestone. To 
the east of this township and the Chenango valley, the calcareous conditions 
of deposition disappeared and the horizon of the Tully limestone is repre- 
sented by shales or argillaceous sandstones. Vanuxem, in 1842, mentioned 
the occurrence of the Tully limestone in “the northwestern part of Smyrna,” * 
and stated that it had “not been seen beyond the town of Smyrna in an east 
direction.” Prosser, in 1887, recorded its presence and thickness near Upper- 
ville, on the south side of Pleasant brook, about two miles northwest of 
Smyrna village.? At this locality the limestone is capped by twenty feet of 
black, argillaceous shales of the Genesee. In the same year, Professor 8. G. 
Wilhams published a paper on the “Tully limestone, its distribution and its 
known fossils,” m which this locality is described,* and the map accompanying 
the report showing “The geographical distribution of the Tully limestone in 
central New York,” indicates the eastern end of the Tully limestone at this 


locality.’ 


1 Geology of New York, Part IL, p. 292. 

2 Thid., p. 164 

3 Proceedings American Association Advancement of Science, Vol. XXXVI, p. 210. 
4 Sixth Annual Report State Geologist [New York] for the year 1886, p. 18. 

5 Tbid., map facing p. 28. 
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Prosser, in 1893, reviewed the evidence in relation to the presence of the 
Tully limestone near Smyrna, and showed that the higher fossiliferous zones 
at Norwich and Oxford, twelve and nineteen miles farther south must occur 
above the top of the Hamilton, instead of forming the upper part of the 
Hamilton formation.’ Finally, J. M. Clarke, in 1894, has shown the same 
stratigraphic relations for the rocks somewhat farther west in the northwestern 
part of Chenango county 

The various streams and steep hills of Smyrna township afford good 
exposures of the rocks, and on account of the importance of this locality in 
determining the line of separation between the Hamilton and Chemung series, 
the sections along Pleasant brook and other streams were carefully examined. 

XVITT P'.*? East of Smyrna village are exposures along the small 
brook which enters Pleasant brook from the north, below the railroad station, 
about two miles west of the Chenango river. The lowest exposures on the 
brook, Dt, are only a few feet above the level of the railroad. They are 
generally somewhat coarse, arenaceous, blue shales, certain layers of which 
contain abundant fossils. There are, also, occasionally, thin and irregular 
strata which are quite calcareous, but not very fossiliferous. The fauna 
is as follows: 


1. Tropidoleptus carinatus (Con.), Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (c) 
3. Spirifer audaculus (Con.), Hall and Clarke = 
(Spirifer medialis, Hall). (r) 
4. Nucleospira concinna, Hall. (ar) 
5. Spirifer granulosus (Con.), Hall and Clarke. ar) 
6. Athyris spiriferoides (Katon), Hall. (1) 
7. Stropheodonta perplana (Con.), Hall. (ar) 
8. Stropheodonta demissa (Con.), Hall. (1r) 
9. Stropheodonta concava, Hall. (ar) 
10. Strophalosia truncata Hall (2). (r) 
11. Chonetes setigera, Hall (7%). (rr) 
12. Modiomorpha concentrica (Con.), Hall. (ar) 
13. Modiomorpha mytiloides (Con.), Hall. (1r) 
14. Modiomorpha subalata (Con.), Hall. (r) 


1 American Journal of Science, Third Series, Vol. XLVI, pp. 218-222. 

2 Thirteenth Annual Report State Geologist [New York] for the year 1893, p. 553. 

3 The system of numbering used in this paper is as follows: To the general region about some village, which may he used as 
acenter of operations, is assigned a number which is called the station number, as XVIII is the station number for Smyrna. 
Then the various sections receive a letter, different strata or zones of which are indicated by primes 

+The relative abundance of the species is indicated as follows: aa = very abundant; a — abundant ; cc = very common ; 
€ = common ; rr = very rare; r = rare. 
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15. Microdon (Cypricardella) bellistriatus (Con.), Hall. (x) 


16. Paracyclas tenuis, Hall. (r) 
17. Paleoneilo constricta (Con.), Hall. (rr) 
18. Nueculites oblongatus, Con. (rr) 
19. Schizodus, sp. (rr) 
20. Macrodon Hamiltonie, Hall. (rr) 
21. Pholadella radiata (Con.), Hall. (ar) 
22. Orthonota carinata, Con. ar) 
23. Pterinea flabella (Con.), Hall. (rr) 
24. Cimitaria elongata (Con.), Hall. (ir) 
25. Bellerophon, sp. (ar) 
26. Platyceras (4), sp. (rr) 
27. Trilobite, sp. (fragments). ar) 
28. Orthoceras sp. “ragments). (rr) 
29. Plant stems. 


XVIII J*. A little farther up the creek are falls, some twenty feet 
high, and a gorge, the sides of which are thirty feet or more in height. These 
shales are much coarser than those of D', and contain fossils of large size, as 
Spirifer granulosus (Con.), Hall, and large Lamellibranchs are common. 
Alternating with the coarse arenaceous shales are somewhat calcareous layers 


and these thick strata form the falls. The following species were collected: 


1. Chonetes scitula, Hall. (a) 
2. Chonetes coronata (Con.), Hall. (ar) 
3. Tropidoleptus carinatus (Con.), Hall. (c) 
4. Spirifer mucronatus (Con.), Bill. (c) 
5. Spirifer granulosus (Con.), Hall and Clarke. (c) 
6. Stropheodonta perplana (Con.), Hall. (rr) 
7. Orthis Vanuxemi, Hall (?). (rr) 
8. Productella, sp. fragments). (rr) 
9. Pholadella radiata (Con.), Hall. (ar) 
10. Pterinea flabella (Con.), Hall. (2) 
11. Modiomorpha concentrica (Con.), Hall. (ar) 
12. Pectenide (a large specimen). (rr) 
13. Bellerophon, sp. (ar) 
14. Bryozoa. ©) 


The lithologic appearance of these shales agrees with that of the upper 
Hamilton formation while the fauna is distinctively Hamilton, so that these 
shales unquestionably belong to the Hamilton formation. 
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XVIIT F. By the highway at the eastern end of Smyrna village are 
exposures of somewhat coarse arenaceous shales which contain many fossils. 
The most abundant species are Spirifer granulosus (Con.), Hall and Clarke, 
and Tropidoleptus carinatus (Con.), Hall, of the Brachiopods ; Nuculites tri- 
queter, Con., of the Lamellibranchs, and associated with these are numerous 


species of Fucoids—the Spirophyton. The complete fauna observed is as 


follows : 
1. Spirifer granulosus (Con.), Hall and Clarke. (c) 
2. Spiriter mucronatus (Con.), Bill. (rr) 
3. Spirifer audaculus (Con.), Hall and Clarke. (1r) 
4. Tropidoleptus carinatus (Con.), Hall. (c) 
5. Cyrtina Hamiltonensis, Hall. (r) 
6. Chonetes coronata (Con.), Hall. (r) 
7. Chonetes deflecta, Hall. (r) 
8. Chonetes setigera, Hall (2). (1r) 
9. Chonetes scitula, Hall (?). (rr) 
10. Atrypa reticularis (Linné), Dal. (ar) 
11. Orbiculoidea, sp. (rr) 
12. Stropheodonta perplana (Con.), Hall. (r) 
13. Orthis Vanuxemi, Hall. (rr) 
14. Nuculites triqueter, Con. (c) 
15. Nuculites oblongatus, Con. (1) 
16. Paleonetlo constricta (Con.), Hall. ar) 
17. Schizodus appressus (Con.), Hall. (17) 
18. Paracyclas tenuis, Hall. (rr) 
19. Phthonia sectifrons (Con.), Hall. (rr) 
20. Nucula bellistriata (Con.), Hall. (17) 
21. Modiomorpha mytiloides (Con.), Hall. (1) 
22. Orthonota carinata, Con. (Tr) 
23. Microdon (Cypricardella) tenuistriatus, Hall. (rr) 
24. Macrodon Hamiltonie, Hall. (rr) 
25. Tellinopsis subemarginata (Con.), Hall. (rr) 
26. Orthonota (2) parvula, Hall. (rr) 
27. Sphenotus truncatus (Con.), Hall (¢). (17) 


Too imperfectly preserved to admit of positive identification. 
It might be S. arceeformis. 
28. Grammysia arcuata (Con.), Hall. () 
29. Glyptodesma erectum (Con.), Hall. (rr) 
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30. Liopteria, sp. (rr) 
31. Pleurotomaria captllaria, Con. () 
32. Cyrtolites (Cyrtonella) pileolus, Hall (2). (c) 


Not well enough preserved to be positively identified. It may 


be (C. mitella, Hall. 


33. Bellerophon crenistria, Wall. (rr) 
34. Bellerophon leda, Hall. (rr) 
35. Homalonotus De Kayt (Green), Emmons, fragments. (rr) 
36. Dalmanites (Crypheus) Boothi (Green), Hall. (r) 
37. Orthoceras, sp. (fragments). (r) 
38. Crinoid, sp. (portion of a calyx in several pieces). (ar) 
39. Plant (a fragment). (rr) 
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XVIII A‘. Pleasant brook flows through the southern part of Smyrna 
village and along this part of the stream are rocky banks affording excellent 
exposures of the upper, Hamilton rocks. The lowest outcrops studied are a 
short distance below the New York, Ontario and Western railroad station, 
and about at its level, or approximately 1,127 feet A. T. Fossils are quite 
common, the following species having been collected at this locality : 

1. Tropidoleptus carinatus (Con.), Hall. (c) 
2. Ambocelia wmbonata (Con.), Hall. (c) 
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3. Chonetes coronata (Con.), Hall. (r) 
4. Chonetes setigera, Hall. (cc) 
5. Chonetes mucronata, Hall (4). (r) 
6. Spiriter mucronatus (Con.), Bill. (c) 
7. Spirtfer audaculus (Con.), Hall and Clarke. (r) 
8. Spirifer fimbriatus (Con.), Bill. (17) 
9. Orthis (2). (rr) 
10. Diseina. (rr) 
11. Nucula bellistriata (Con.), Hall. (r) 
12. Nucula corbulitormis, Hall. (rr) 
13. Nucula lirata (Con.), Hall. (1) 
14. Palwonetlo constricta (Con.), Hall. ar) 
15. Microdon (Cypricardella) bellistriatus, Con. (1) 
16. Pholadella radiata (Con.), Hall. (ar) 
17. Orthonota (?) parvula, Hall. (ar) 
18. (?) Modiella pygmea (Con.), Hall. (11) 
19. (2) Phthonia sectifrons (Con.), Hall, fragments. (17) 
20. Tellinopsis subemarginata (Con.), Hall. (r) 
21. Schizodus appressus (Con.), Hall. (r) 


22. Orthoceras, fragment. 

23. Bellerophon, fragment. 

XVIII A’. Along Pleasant brook, above the highway bridge in Smyrna 
village, is a rather narrow gorge with rocky banks thirty feet or more in 
height, extending for a quarter of a mile up the brook. The rocks consist of 
coarse arenaceous shales, alternating with sandstones. All the layers are more 
or less fossiliferous, and the shales contain abundant fossils. The bottom of 
the gorge is about twenty-five feet above the level of the railroad station, or 
with an approximate altitude of 1,150 feet A. T. On account of the consider- 
able number of species contained in these rocks, some time was spent in 
collecting, and the specimens found in the lower, middle and upper parts of 
the glen were kept separate. The following lists will give a fair idea of the 
species contained in thirty or forty feet of upper Hamilton rocks in the 
Chenango valley region. From the lower part of the glen the following 
species were collected . 

1. Ambocalia wmbonata (Con.), Hall. (az) 
. Spirifer fimbriatus (Con.), Bill. (cc) 
3. Spiriter granulosus (Con.), Hall and Clarke. (2) 
Spiriter audaculus (Con.), Hall and Clarke. (c) 


bo 
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5. Spirifer mucronatus (Con.), Bill. (c) 

6. Tropidoleptus carinatus (Con.), Hall. (aa) 

7. Chonetes coronata (Con.), Hall. (ce) 

8. Chonetes deflecta, Hall (#). (1) 
9. Chonetes sp. (r) 
10. Atrypa reticularis (Linné), Dal. : (1) 
11. Athyris (Spirigera) spiriferoides (Katon), Hall. (rr) 
12. Orthis Vanuxemi, Hall. (ar) 
13. Stropheodonta perplana (Con.), Hall. (rr) 
14. Stropheodonta concava, Hall (?). (rr) 
15. Orthothetes Chemungensis (Con.), Hall and Clarke. (1) 
16. Liorhynchus multicostus, Hall. (rr) 
17. Rhynchonella sp. (r) 

Possibly 2. prolifica, H. Very imperfectly preserved 

18. Productella sp. (very imperfect. specimens), () 
9. Cyrtina Hamiltonensis, Hall (2). (rr) 
20. Cimitaria recurva (Con.), Hall. (rr) 
21. Paracyclas tenuis, Hall. (rr) 
22. Paleoneilo emarginata (Con.), Hall. (r) 
23. Palwoneilo constricta (Con.), Hall. (rr) 
24. Schizodus appressus (Con.), Hall. (rr) 
25. Nuculites triqueter, Con. (c) 
26. Nuculites oblongatus, Con. (rr) 
27. Pholadella radiata (Con.), Hall. (r) 
28. Orthonota (?) parvula, Hall. (rr) 
29. Prothyris lanceolata, Hall. (1r) 
30. Macrodon Hamiltonie, Hall. (1) 
31. Leda diversa, Hall. (1r) 
32. Nucula bellistriata (Con.), Hall. (rr) 
33. Microdon (Cypricardella) tenuistriatus, Hall. — (ar) 
34. Modiomorpha concentrica (Con.), Hall. (rr) 
35. Modiomorpha mytiloides (Con.), Hall. (1) 
36. Modiomorpha subalata (Con.), Hall. (rr) 
87. Goniophora Hamiltonensis, Hall. (rr) 
38. Goniophora rugosa (Con.), S. A. Miller (2). (ar) 
39. Grammysia arcuata (Con.), Hall. (r) 
40. Grammysia sp. (r) 


41. Leptodesma Pogersi, Hall. (rr)e 
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. Pterinopecten Vertumnus, Hall. 

. Orthoceras sp. (fragment. 

. Platyceras carinatum, Hall. 

. Phacops rana (Green), Hall. 

}. Dalmanites Boothi (Green), Hall. 

. Homalonotus DeKayi (Green), Emm. 


. Crinoid stems. 


MIDDLE PART OF GLEN. 


. Spirifer fimbriatus (Con.), Bill. 

. Spirifer granulosus (Con.), Hall and Clarke. 
. Spirifer audaculus (Con.), Hall and Clarke. 
. Spirifer mucronatus (Con.), Bill. 

. Orthis Vanuxemi, Hall. 

. Cryptonella planirostra, Hall. 

. Tropidoleptus carinatus (Con.), Hall. 

. Ambocelia umbonata (Con.), Hall. 

. Chonetes carinata (Con.), Hall. 

. Chonetes setigera, Hall. 

. Athyris spiriferoides (Katon), Hall. 

. Cyrtina Hamiltonensis, Hall. 


(©) 


(rr) 
(tr) 

(¢) 
(rr) 
(tr) 
(rr) 


() 
(a) 
(rr) 
(c) 
(a) 
(rr) 
(7) 
ar) 
(Tr) 
(c) 
(¢) 
(rr) 


Orthothetes Chemungensis (Con.), Hall and Clarke. (r) 


. Cypricardinia indenta (Con.), Hall. 

. Nucula bellistriata (Con.), Hall. 

. Modiella pygmea (Con.), Hall. 

. Macrodon Hamiltonie, Hall. 

. Schizodus appressus (Con.), Hall. 

. Nuculites triqueter, Con. 

. Goniphora Hamiltonensis, Hall. 

. Modiomorpha concentrica (Con.), Hall. 

. Microdon (Cypricardella) bellistriatus, Con. 
. Microdon ( Cypricardella) tenwistriatus, Hall. 
. Grammysia constricta, Hall. 

. Trilobite (fragments). 

. Orthoceras (fragment). 

. Crinoid stems (large). 


UPPER PART OF GLEN NEAR THE MILL. 


. Tropidoleptus carinatus (Con.), Hall. 


. Crania (internal impression ). 


(r) 


(m) 


(rr) 
(rr) 
(rr) 
cr) 
(1r) 

() 
(17) 
ar) 
(ar) 
(ar) 
(rr) 

() 


(a) 
(7) 
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3. Stropheodonta perplana (Con.), Hall. (7) 

4. Orthothetes Chemungensis (Con.), Halland Clarke (?). (rr) 

5. Ambocalia umbonata (Con.), Hall. (c) 

6. Spirifer granulosus (Con.), Hall and Clarke. () 

7. Spirifer mucronatus (Con.), Bill. () 

8. Spiriter audaculus (Con.), Hall and Clarke. ar) 

9. Productella sp. (rr) 
10. Orthis Vanuaemi, Hall. (r) 
11. Chonetes coronata (Con.), Hall. (r) 
12. Chonetes setigera, Hall (¢). (c) 
13. Lingula sp. (ar) 
14. Nucula bellistriata (Con.), Hall. (r) 
15. Nucula lirata (Con.), Hall. (rr) 
16. Nuculites triqueter, Con. ) (ar) 
17. Nuculites oblongatus, Con. (Qr) 
18. Palewoneilo constricta (Con.), Hall. (7) 
19. Paleoneilo emarginata (Con.), Hall. (rr) 
20. Microdon (Cypricardella) bellistriatus, Con. (r) 
21. Paracyclas tenuis, Hall. (rr) 
22. Prothyris lanceolata, Hall. (ar) 
23. Leda diversa, Hall. (1r) 
24. Orthonota carinata, Con. ar) 
25. Grammysia arcuata (Con.), Hall. (17) 
26. Schizodus appressus (Con.), Hall. (rr) 
27. Modiomorpha mytiloides (Con.), Hall. (rr) 
28. Pterinopecten Vertumnus, Hall. (ar) 
29. Liopteria sp. ar) 
30. Phacops rana (Green), Hall. (c) 
31. Pleurotomaria sp. (rr) 


Specimens too imperfect to decide whether P. Jtys, H., or P. 
captllaria, Con. 

32. Platyceras sp. 

XVITI FB. On the south side of Pleasant brook, less than a mile south- 
west of Smyrna village, is a steep hill, the summit of which is approximately 
500 feet above the Ontario & Western railroad station, or the shales of A‘, 
_exposed along the brook below the station. For some distance above the 
_ mill, at the upper end of the village, there are only occasional exposures of 
rock along the banks of Pleasant brook, while the slope of the hill to the 
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south is largely covered by soil. However, on the “ Barber lot,” owned by 
William Wilcox, there is a small brook along whose course the rocks are 
partly exposed. In the woods at the foot of a caseade about 110 feet above 
the top of the shales in Pleasant brook at XVIII A’ is a fair outcrop of 
shales which contain an abundance of fossils’ There is a continuous exposure 
of twelve feet of these shales which in both faunal and hthelegie characters 
are similar to the Moscow shales of western central New York. Only a few 
minutes were spent there in collecting, but m that time nimeteen species were 
obtained, all of which, with the exception of Chonefes mucronata, Hall, Cryp- 
tonella (Eunella) Linckleni, Hall, and Liopteria DeKayi, Hall, occur in the 
Moscow shales im the vicinity of Moscow and Livonia, Livingston county, 
New York. which is the typical region for this subdivision of the Hamilton 


formation. The complete list of species is as follows: 


1. Speriver mucronatus (Con.), Bill = (a) 
2. Spirifer granulosus (Con.), Hall and Clarke. : (rr) 
3. Spirifer audaculus (Con.), Hall and Clarke. = (r) 
4. Spirifer Tullius, Hall. (r) 
5. Vitulina pustulosa, Hall. (aa) 
6. Tropidoleptus carinatus (Con.), Hall. (e) 
7. Athyris spirifercides (Eaton), Hall. (zr) 
8. Chonetes coronata (Con.), Hall (rr) 
9. Chondes mucronata, Hall. (@) 
10. Cryptonela (Eundla), 4. Linckleni, Hall. (r) 
11. Stropheodonia perplana (Con.), Hall. (rr) 
12. Nuculites triquaer (Con.). (rr) 
13. Paleoneilo constricta (Con.), Hall. (rr) 
14. Nucula bellistriata (Con.), Hall. (rr) 
15. Microdon ( Cypricarddla) tenuistriatug, Hall. (rr) 


16. Goniophora, 4. Hamiltonensis, Hall, and carinata (Con.), Hall. (rr) 
The concentric plications are coarse and apparently nearer to 
to those of G. carinata than G. Hamiltonensiz, but the strati- 
graphic "position of the former is given as higher in the Ithaca 
group at Oneonta. 
17. Liopteria DeKayi, Hall. (rr) 
18. Phacops rana (Green), Hall (r) 
19. Dalmanites (Cryphaeus) Boothi (Green), Hall. (ec) 
a cn Ices used ne ical ft eqns il lon Uhl 0a ae New York, and 5 
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Thas is the Tully Imestome =i weathers im 2 mammer Smile to the 
euterops farther up Pleasent brook ahowe Upperville and im the hill near 
De Bayter. This ouicrop of the Tully lmestone is ahout two miles southeast 
of tts previously farthest eastern known expocure, which is on the hillside 2 
short distance below Upperville, Smyrna township. 

XVI BY Abowe the Tmestome for twenty feet im the brook there 
are me outcrops amd them grey io bluish. arenaceous unfossiitfercas shales 
appear. There i scarcely amy trace of the black Gemesee slates along the 
lrwok_ even a= looce pieces. However. thai part of the brook without oat 
erops, hetweem the aremaceous shales above and the Imestone below. is the 
Place for the Gemesee slate. comsequentiy it may be represented at this locality 
amd be covered by soll The blue aremacewus shales are fairly exposed along 
the upper part of the brook on the hichway and im the field above with a 
thickness of 140 feet Then for 150 fect bicher. formime the upper portion 
-@& the slope there are mo outcrops, all the meks beme covered by the soil 
om the slope. but a hasty search revealed mo fossils. Part of the shales are 
very smeoth and split imte thim pieces and these are well shown m 4 small 
brook by the sade of the kighwar om the opposite side of the bill At thx 
place mo foals were found. 

These bluish, unfossiliferous shales, ai least 140 feet im thiekmess, belonz 
im the Portaze formation and correspond to the lower part of it, as expoced in 
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the region of Ithaca, N. Y. The picture of Taughannock falls gives an excellent 
idea of the Lower Portage of the Cayuga lake region. Estimating from other 
sections in the Chenango and Unadilla valleys, we may safely refer to the 
Portage, the 130 feet of overlying covered rocks of this station, which would 
give a thickness of at least 270 feet for the lower Portage near Smyrna. 
Vanuxem, in 1840, proposed the name “Sherburne flagstone” for this forma- 
tion, the typical locality being near Sherburne, Chenango county, and 
described it as composed of “stones * * * of various grades of thickness, 
alternating with greenish or olive-colored shales; Fucoids resembling the 
stems of plants are frequent in this rock, and also fragments of plants like the 
grasses. The flagstone mass extends from Cayuga lake through the district ” 
[Third Geological district, which extended from Cayuga lake eastward to 
Delaware and Schoharie counties |. In the final report on the Third District 
Vanuxem referred the Sherburne flagstones and shales to the Portage group. 

After considering the differences in lithology and fauna between the 
rocks constituting the Portage formation of western New York and the 
synchronous formations of eastern New York, it seems advisable to revive 
Vanuxem’s name of Sherburne sandstones as the name of a formation. 
If we study the sections of the Portage formation in different parts of 
the State, we will find that in western New York, along the Genesee 
river, Professor Hall made the following subdivisions of the formation in 
ascending order: Cashaqua shale, Gardeau shale and Portage sandstones.* In 
Ontario county, along Canandaigua lake, Professor J. M. Clarke divided this 
formation into the Naples shales and Portage sandstones, regarding the Naples 
shales as representing the Cashaqua and Gardeau shales of the Genesee valley* 
For the outcrops along the meridian of Cayuga lake Professor H. 8. Willams 
has used the names Lower Portage, Ithaca group and Upper Portage.® In the 
Chenango valley at the base are Vanuxem’s Sherburne flagstones, which are 
equivalent to the Lower Portage of the Cayuga lake region, and therefore 
represent only a part of the Portage formation; next above is the Ithaca 
group, capped by the Oneonta sandstone. The evidence seems to show that 
at least all of the rocks referred to the three formations Just mentioned for the 
Chenango valley are represented in western New York by the Portage forma- 


tion. Since in the Chenango valley and eastward, the rocks which are 


! Fourth Avuual Report, Third Geological District (Assembly Document No. 50, 1840), p. 381. 
2 Geology of New York, Part IIT., 1842, p. 172. 
3 Geology of New York, Part 1V., pp. 226-228 
Bulletin United States Geological Survey, No. 16, p. 36 and p. 67. 
5 Bulletin United States Geological Survey, No. 3, p. 29, and Transactions American Institute of Mining Engineers, Vol. XVL., 
p. 945. ‘ 
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TAUGHANNOCK FALLS, CAYUGA LAKE. 
LOWER PORTAGE WITH GENESEE SHALE IN THE LOWER PART OF THE CLIFF. 
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synchronous with those of the Portage formation in western New York, 
differ so strikingly from the Portage in faunal and lithologic characters, 
there would be an advantage in classifying them in such a way as to make 
them readily recognizable in the eastern part of the State. The name Oneonta 
formation is in general use for the upper part ; Ithaca formation to some extent 
for the middle portion; and if Sherburne formation be applied to the lower 
division, there will then be a complete series of formation names for these 
terranes, which may be readily followed and mapped half way across New 
York. Since the Sherburne formation may easily be followed from Sherburne 
to Ithaca, it is proposed that these rocks at the head of Cayuga lake near 
Ithaca be called the Sherburne formation. 

In this connection it is well to recall the fact that Conrad, in 1841, pro- 
posed Sherburne group as the name of a formation’, for shales found. near 
Smyrna and other localities? The fossils described by Conrad from the Sher- 
burne group are Hamilton species, and this zone was referred correctly by 
Vanuxem to the Hamilton formation in his final report of 1842. 

As the rocks to which Conrad applied the name, “Sherburne group,” 
belong in the upper part of the Hamilton formation, there is little probability 
that there will ever be occasion to restore the name, and, furthermore, 


Vanuxem’s name “Sherburne flagstones ” 


antedates Conrad’s by fully one 
year, so that, according to the law of priority, Conrad’s name would be lost. 
XVIII B*. Near the top of the hill, at an approximate altitude of 
1,620 feet A. T., is a small excavation exposing two feet of shaly sandstones. 
The rock is bluish grey in color, and contains some fossils, especially Spiro 
phyton, which occurs abundantly. The following species were collected at 


this place : 
1. Cyrtina Hamiltonensis, Hall. (a) 
2. Spirifer mucronatus (Con.), Bill. i (c) 
3. Spirifer mesacostalis, Hall. (Go) 


Specimens in the form of casts which show clearly the median 
septum in the sinus of the ventral valve. 
4. Spirifer audaculus (Con.), Hall and Clarke. (1) 
. Spirifer, sp. (ar) 


Fragments of external moulds which show impressions of 


or 


ustules. The specimens do not have the normal form of S. granu- 
I g 


losus; cf. S. fimbriatus (2). 


1 Fifth Annual Report Palaeontologist, State of New York (Assembly Document No, 150, 1841, p. 31). 
2 Ibid., see lists of fossils on pp. 50-55 for the localities. 
3 Geology of New York, Part III., p. 150. The same correlation appears in Professor Hall’s Final Report of 1843 (Geology of 
New York, Part IV., p. 184) 
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6. Liorhynchus mesacostalis, Hall. (c) 
7. Productella cf. speciosa, Hall. Fragment. (1) 
8. Leptodesma Rogersi, Hall. (rr) 
9. Aulopora, sp. (rr) 
10. Crinoid stems and segments. (r) 
11. Spirophyton, sp. (rr) 


12. Microdon (Cypricardela) gregar ius, “Hall. (zr) 
Possibly this specimen is not from this locality as the rock is 
lithologically somewhat different. 


13. Spirifer funbriatus (Con.), Bill. (2) (r) 
14. Atrypa reticularis (Lin.), Dalm. (ar) 
15. Chonetes setigera, Hall. (ar) 
16. Ambocelia umbonata (Con.), Hall. (r) 
17. Phacops rana (Green), Hall. (rr) 


This exposure of fossiliferous rocks is regarded by the writer as con- 
taining the early species of the Ithaca epoch of the Chenango valley region. 
There is no question that on the same hillside about 288 feet lower than 
this fossiliferous shaly sandstone, is the top of the Tully limestone, while the 
intervening rocks, as far as exposed, are thin bluish shales in which fossils are 
very rare; shales that agree in all respects with those of the lower Portage 
or Sherburne formation of central New York. Near Ithaca, from the base 
of the lowest rocks referred to the Ithaca group down to the top of the 
Genesee shales is 250 feet, which is nearly the thickness of the Sherburne for- 
mation in the Chenango valley. This section with others near Smyrna and 
Sherburne clearly show that the fossiliferous beds twelve miles farther south 
near Norwich and extending along the river valley to Oxford, are not in the 
Hamilton formation, but are of later date. 

The accompanying picture of a portion of the Fall Creek gorge at 
Ithaca, gives an excellent idea of the lithologic characters of the formation 
at its typical locality. 

AX VIII A®. Along the bed of Pleasant brook, about one and three- 
quarter miles above Smyrna village, and three-fourths of a mile below Upper- 
ville are excellent exposures of coarse, arenaceous shales which contain fossils 
in abundance. 

Tropidoleptus carinatus (Con.), Hall, is particularly plentiful and there 
are many specimens of large Lamellibranchs. The species are those of the 
Hamilton formation, as will be seen from the following list: 
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. Tropidoleptus carinatus (Con.), Hall. 
. Chonetes coronata (Con.), Hall. 
. Chonetes mucronata, Hall. 


. Spirifer granulosus (Con.), Hall and Clarke. 
. Spirifer audaculus (Con.), Hall and Clarke (?). 


Internal impressions. 
. Spirifer mucronatus (Con.), Bill. 


. Lehynchonella, sp. 
. Orthis, sp. 
. Productella, sp. 
. An impression of a Zerebratuloid. 
. Ambocelia umbonata (Con.), Hall. 
. Athyris (Spirigera) spiriferoides (Haton), Hall. 
. Cyrtina Hamiltonensis, Hall. 
. Orthothetes Chemungensis (Con.), Hall and Clarke. 
. Orbiculoidea, sp. 
External impression of the dorsal valve. 
. Nucula bellistriata (Con.), Hall. 
. Nuculites oblongatus, Con. 
. Nuculites triqueter, Con. 
. Leda rostellata (Con.), Hall. 
. Leda diversa, Hall. 
. Paleoneilo constricta (Con.), Hall. 
. Paleoneilo muta, Hall. 
. Palewoneilo emarginata (Con.), Hall. 
. Paleoneilo tenvistriata, Hall. 
. Modiella pygmea (Con.), Hall. 
. Microdon ( Cypricardela) bellistriatus, Con. 
. Paracyclas tenuis, Hall. 
. Modiomorpha mytiloides (Con.), Hall. 
. Cimitaria, sp. 
. Grammysia arcuata (Con.), Hall. 
. Grammysia obsoleta, Hall (?). 
Internal impressions poorly preserved. 


. Schizodus appressus (Con.), Hall. 


. Goniophora rugosa (Con.), S. A. Miller. 
. Phthonia cylindrica, Hall. 


(a) 
(c) 
(rr) 
(a) 
(1) 


(rr) 


. Stropheodonta, sp. (part of an internal impression). (rr 
’ } 


(rr) 
(rr) 
(0) 
(rr) 
(1r) 
(rr) 
ar) 
(rr) 
(rr) 


(r) 
(rr) 

(r) 
(rr) 
(rr) 

() 
(7) 
(ar) 
(11) 
(rr) 
(rr) 
(17) 


(rr) 


(rr) 
(rr) 
(17) 


(r) 
(rr) 
(rr) 
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36. Mytilarca (Plethomytilus) oviformis (Con.) Hall. (x) 


87. Liopteria Bigsby, Hall (2). (r) 
38. Phacops rana (Green), Hall. (r) 
39. Pleurotomaria capillaria, Con. (r) 
40. Bellerophon, sp. (rr) 
41. Orthoceras, sp. (fragments of two species). () 
42. Coleolus, sp. (rr) 
43. Crinoid stems, large. (c) 


XVIII G. The hill on the south side of Pleasant brook between 
Smyrna and Upperville, is steep and mostly wooded. Not far below Upper- 
ville, a small run enters Pleasant brook from the south and the rocks are 
quite well exposed along its course. At the mouth of the run are shales 
similar to those of XVIII C?, containing similar fossils. These shales extend 
up the hillside for some distance and are about 147 feet above-the level of 
the brook which, at the mouth of the run, is approximately 1,222 feet A. T., 
and contain numerous fossils, Zopidoleptus carinatus (Con.), Hall, being 
especialiy abundant. A hasty search afforded the following species : 


1. Tropidoleptus carinatus (Con.), Hall. (a) 
2. Spirifer mucronatus (Con.), Bill. (11) 
3. Spirifer granulosus (Con.), Hall and Clarke, 
or S. audaculus (Con.), Hall and Clarke. (ar) 
Specimen too imperfect for specific identification. 
4. Liorhynchus multicostus, Hall. (r) 
The lateral plications are very faint. 
5. Orthis Vanucemi, Hall. (rr) 
6. Palewoneilo emarginata (Con.), Hall. (rr) 
7. Nucula lirata (Con.), Hall. (2) ar) 
A. broken specimen. 
8. (4) Schizodus, sp., badty broken specimen. (ar) 
9. Crania, sp., very poorly preserved. (rr) 
10. Phacops rana (Green), Hall. (rr) 


XVIII G’. On top of these Hamilton shales, 147 feet above the level 
of Pleasant brook, is an arenaceous limestone forming the top of the second 
cascade in the run. The stratum is composed of three layers as it crosses the 
stream, the lowest, ten inches in thickness, containing quite a large percentage 
of sand, the upper layer being the purest limestone. A little higher are 
rather coarse, arenaceous blue shales, and then the rocks are covered for about 
ten feet. At this point is the third cascade in the stream, at the base of which 
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is an impure limestone, then calcareous shales, and at the top of the cascade 
are two layers of impure limestone, separated by a shaly parting, the upper 
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layer being six inches thick. Resting on this upper limestone are about two 


feet of calcareous, shaly layers, the distance from the foot of the cascade to its 


top being fourteen feet. From the base of the lowest calcareous stratum to 
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the top of these calcareous shales is twenty-seven feet, which mass of rock the 
writer regards as belonging to the same horizon as the Tully limestone of 
western central New York. This outcrop was first described in 1887 and 
was the farthest east that the Tully had been traced’ until the exposure 
near Smyrna village was discovered, which is described in the present paper. 
From my observations on the eastern outcrops of the Tully limestone, I 
ascribe its disappearance to a gradual loss of the calcareous material which is 
replaced by that of the arenaceous and argillaceous sediments, causing the 
rock to present a decidedly different lithologic appearance. This is sub- 
stantially the explanation advanced by Professors 8. G. Williams” and Henry 
S. Williams.’ | 

NX VITT G*. Fora short distance above the calcareous shales the rocks 
are covered, but where the stream forks black fissile shale begins and about 
ten feet are shown. For forty feet above the black shales the rocks are mostly 
hidden, but at this poimt are thin sandstones one-quarter to one-half inch in 
thickness, with an occasional layer of black shale between them. Fossils 
were not found in these black, argillaceous shales, which are regarded as 
belonging to the Genesee slate. Asa portion of the rocks is concealed, it is 
difficult to give their thickness, but from a study of the exposures a little 
northwest of this locality, it seems probable that they have a thickness of 
twenty feet or more, perhaps of forty feet, as stated by Professor S. G. 
Williams.* . 

XVIII G*. Just above the thin sandstones of the run already described 
are thicker sandstones, while the shales change to a blue or olive color; on 
their upper surface are frequent irregular markings, perhaps partly due to 
Fucoids, but mainly to mud markings produced by mechanical causes. 
Above the highway the rocks are mainly blue, smooth shales, which weather 
to an olive color and split into very thin pieces. In these fine shales no fossils 
were found. But not far from the run above described another crosses the 
highway, the first one below Upperville, and in this, about thirty feet above 
the highway, is the Wilcox quarry, which has been worked for building 
stone, the heaviest layer being nineteen inches thick. There is an occasional 
thin flag layer and the sandstones alternate with shales. Fossils are rare, 
only a very few specimens being found in an hour’s search, as the list 


shows * 


1See Prosser, Proceedings American Association Advancement of Science, Vol. XXXVI, p. 210; and S. G. Williams, Sixth 
Annual Report State Geologist [New York], p. 18. 

2 Sixth Annual Report State Geologist [New York], 1887, p. 18. 

3 Bulletin Geological Society of America, Vol I, 1*90, p. 490. 

+Sixth Annual Report State Geologist [New York], p. 18. 
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1. Lunulicardium fragile, Hall. (rr) 

2. Liopteria sp. (rr) 

3. Crinoid stems, 

A single specimen of Liorhynchus mesacostalis, Hall, was found, but it 
was on a loose piece of stone in the quarry, and may have come from farther 
up the hillside. On the highway below the quarry are black, argillaceous 
shales of the Genesee, and in) the run below the road is the Tully limestone. 
The thin sandstones which contain an occasional fossil, and the blue shales 
that weather to an olive color, belong to the Sherburne formation. 

The clear stratigraphic succession of the rocks forming this section ; the 
very fossiliferous shales with abundant Hamilton fossils in the lower part of 
the run, belonging in the Hamilton formation; followed by twenty-seven feet 
of calcareous layers, part of which are impure massive limestones, referred to 
the Tully; succeeded by a black, argillaceous shale similar in all its litho- 
logic characters to the Genesee; capped finally by thin sandstones and blue 
or olive shales, called the Sherburne, and which contain a few fossils, seem to 
prove the correlation offered by the writer for the rocks of this region. The 
stratigraphic order of the rocks just described is shown diagrammatically in 
the accompanying section. 

AVIIT A*. Gorge and falls in Pleasant brook at Upperville. The water 
falls over about fifteen feet of coarse, blue, arenaceous shales, in which fossils 
are common, particularly Spirifer granulosus (Con.), Hall and Clarke, and 
some large Lamellibranchs. Some of the shales which contain many shells are 
somewhat calcareous, and the outcrop extends along the bed and sides of the 
brook for some distance below the falls. The rocks belong to the Hamilton 
formation, and the following species were collected : 

1. Spirifer audaculus (Con.), Hall and Clarke. — (¢) 
2. Spirifer granulosus (Con.), Hall and Clarke.  (c) 


3. Spirifer mucronatus (Con.), Bill. (rr) 
4. Cyrtina Hamiltonensis, Hall. (c) 
5. Orthis Vanuaemi, Hall. (r) 
6. Chonetes mucronata, Hall. (rr) 
7. Palwoneilo fecunda, Hall. (?) Sogwcrr) 
8. Paleoneilo emarginata (Con.), Hall. (rr) 
9. Modiomorpha concentrica (Con.), Hall. (rr) 
10. Grammysia arcuata (Con.), Hall. (rr) 
11. Phacops rana (Green), Hall. (1) 


12. Bellerophon crenistria, Hall. (2) (ar) 
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13. Orthoceras (fragment). (ar) 

14. Coleolus tenuicinctum, Hall. (zr) 

XVIII A*, Exposures in Pleasant brook below Card’s mill, one mile 
above Upperville. The rocks are blue shales that split into fine, smooth 
fragments, alternating with calcareous layers which contain fossils in abund- 
ance and form layers termed “firestones.” Such a calcareous layer six inches 
in thickness is exposed in the bed of the brook under the highway bridge and 
contains a large number of fossils, as Spérifer mucronatus (Con.), Bill., and 
other species. In the shales above the calcareous stratum just mentioned are 
large numbers of Liorhynchus multicostus, Hall, which is the most common 
fossil at this locality. This exposure is about seventy-five feet above the 
falls at Upperville, and is in the Hamilton formation. The following species 
were collected : 


1. Liorhynchus multicostus, Hall. ~ (aa) 
2. Orthothetes Chemungensis (Con.), Hall and Clarke. ~ ar) 
3. Athyris (Spirigera) spiriferoides (Eaton), Hall. (v) 
4. Spiriter consobrinus, D’Orbigny—ziczac, Hall. (rr) 
5. Spiriter granulosus (Con.), Hall and Clarke. (rr) 
(Imperfect specimen. ) 
6. Spirifer mucronatus (Con.), Bill. (1r) 
7. Spiriter audaculus (Con.), Hall and Clarke. (rr) 
8. Atrypa reticularis (Lin.), Dalm. (rr) 
9. Orthis Vanuxemi, Hall. (2) (rt) 
10. Ambocelia umbonata (Con.), Hall. (r) 
11. Stropheodonta, sp. (very imperfect specimen). (rr) 
12. Zropidoleptus carinatus (Con.), Hall. (c) 
13. Chonetes scitula, Hall. (c) 
14. Chonetes setigera, Hall. (r) 
15. Terebratuloid shell too imperfect to identify generically. — (rr) 
16. Orbiculoidea, sp. ef. with O. Seneca, Hall. (rr) 
17. Nucula bellistriata (Con.), Hall. (Qr) 
18. Nucula lirata (Con.), Hall. (2) (rr) 
19. Paleonetlo constricta (Con.), Hall. (r) 
20. Paleoneilo emarginata (Con.), Hall. (rr) 
21. Palwoneilo muta, Hall. (ar) 
22. Modiella pygmea (Con.), Hall. (ar) 
23. Tellinopsis subemarginata (Con.), Hall. (rr) 


24. Modiomorpha subalata (Con.), Hall. : (1r) 
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25. Modiomorpha mytiloides (Con.), Hall. . (ar) 
26. Modiomorpha concentrica (Con.), Hall. (ir) 
27. Phacops rana (Green), Hall. ar) 
28, Trilobite, sp. (fragment). (1r) 
29. Orthoceras, sp. (fragment). an (re) 
30. Platyceras (too imperfect to identify specifically). (ar) 
31. Bellerophon, sp. (two very imperfect specimens). (1r) 


XVIII A*. On Pleasant brook just above the upper highway bridge, 
five and one-half miles above Smyrna village, on the Gilbert Tuttle farm, is 
an exposure of shales and limestone. Below the limestone are one and one- 
half feet of black, argillaceous shales that are quite fossiliferous, containing 
numerous specimens of typical Spirifer mucronatus (Con.), Bill, Vitulina 
pustulosa, Hall, and other Hamilton fossils. This outcrop is some 275 feet 
by the barometer above the New York, Ontario and Western railroad 
station in Smyrna, or approximately 1,400 feet A. T., and is at the top of the 
Hamilton formation. The following species were collected : 


1. Spirifer mucronatus (Con.), Bill. (a) 
2. Vitulina pustulosa, Hall. (a) 
3. Tropidoleptus carinatus (Con.), Hall. (rr) 
4. Chonetes, sp. probably C. setigera, Hall. (rr) 
5. Modiella pygmea (Con.), Hall. (rr) 
6. Nuculites oblongatus (Con.). (rr) 
7. Orthonota undulata (Con.). (rr) 
8. Palwoneilo emarginata (Con.), Hall. (rr) 
9. Dalmanites Boothi (Green), Hall. (r) 
10. Bellerophon, sp. (rr) 


11. Internal impression of a large Orthoceras from a loose slab of sand- 
‘stone in the creek. 


XVII? A®. On top of the shales are three and a half feet of somewhat 
impure limestone, separating into two or three layers, the upper being the 
purer. Above the limestone, part of which is dark in color and strongly 
calcareous, with the lithologic characters of the Tully, the rocks are covered 
by soil. <A little farther up the brook is another outcrop of rather impure 
limestone five feet in thickness, which is apparently higher than the former. 
It seems probable that there are fully ten feet of the impure limestone at 
this locality, and the actual thickness is no doubt somewhat greater, but is 
obscured by the soil.t So far no fossils have been found in this limestone 


1 Professor 8. G. Williams, in describing this locality, stated the indications were that ‘‘the limestone is at least fifteen feet 
thick,’’ (Sixth Annual Report State Geologist [New York], p. 18). 
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along Pleasant brook, but none of the outcrops are favorable for collecting, 
and it is very likely if the rocks were opened to any extent that fossils would 
be found. 

This is supposed to be the most eastern locality of the Tully limestone 
observed by Vanuxem, for he said, in describing the localities of this rock: 
“The first point going west is on the turnpike from Sherburne to De Ruyter, 
about eight miles from the former village. It appears in a low side hill, 
forming the bank of the creek where the road crosses it. About four layers 
are exposed, ranging by the side of the creek.” Again, in describing the 
geology of Chenango county, Vanuxem wrote: “The Tully limestone was 
seen in but one locality at the northwestern part of Smyrna, on the road to 
De Ruyter village, where the road crosses the west branch of the Chenango.” * 

XVIII A*. In Pleasant brook and along its bank, about one-half mile 
above the first outcrop of Tully limestone, are black argillaceous shales, which 
form a bluff fifteen feet in height on the south bank of the creek. The shales 
weather to very thin pieces, and in lithologic characters resemble closely the 
Genesee slates as exposed on Cayuga and the other lakes of wesiern central 
New York. The shale is so black that some years ago an excavation was 
made in the hope of finding coal. No fossils were found by me. Between 
the Tully limestone and the lowest layers of the shale on the creek the rocks 
are covered for some distance, the shales being about thirty-five feet above 
the last outcrop of the limestone; then there are at least fifteen fect of black 
shales, and next, following a small stream up the hill to the south of Pleasant 
brook for about twenty-five feet, the rocks are covered and sandstones and 
shales occur. 

NX VIII A’. The sandstones, which are of a dark gray color, weathering 
to a rather brownish tint, alternate with greenish shales. Fifty feet of the 
shales and sandstones occur along the run and reach the brow of the hill. 
Along the upper part of Pleasant brook the hills are much lower than in the 
vicinity of Smyrna village. The thin sandstones of these rocks show on the 
upper surfaces numerous specimens of /coides graphica, Van., and in general 
lithologic characters are similar to the shales and sandstones constituting 
the Sherburne formation in Cortland and Tompkins counties. The base of 
these Sherburne rocks is about seventy-five feet above the top of the Tully 
limestone, or barometrically 360 feet above the New York, Ontario and 
Western railroad station at Smyrna, making the altitude approximately 1,485 


feet A. T. 


1 Geology of New York, Part III., p. 164. 
2 Tbid., p. 292. 
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These three sections along Pleasant brook and up the hill to the south 
through the central part of Smyrna township are regarded by the writer as 
very important in deciding where the line of separation between the Hamilton 
and Chemung series should be drawn. It is nearly, if not quite, the most 
eastern locality at which the lithologic characters of the Tully limestone and 
Genesee shale agree closely with those of their typical localities in the more 
western portions of New York. Above the black shale occur thin sandstones 
and olive to bluish shales which agree well lithologically with the lower part 
of the Sherburne formation, as shown along Cayuga lake, while on the top of 
the high hills occur sandstones and shales containing fossils which compose 


the lowest fauna of the Ithaca group, as developed in Chenango county. 


Sherburne. 


The next township to the east of Smyrna is Sherburne, which also 
belongs to the northern tier of townships in Chenango county, and as the 
Chenango river flows from north to south entirely across the western half, it 
forms one of the townships of the Chenango nver valley. To the north is 
Hamilton township, on the east is Columbus which extends east to the 
Unadilla river. 

The valley of the Chenango river in central New York is noted for its 
beauty. Rather narrow in general, from one-half to two miles in width, there 
are steep hills rising on one and usually both sides of the valley. In places 
the hills are so steep that numerous exposures of the rocks along their sides 
are seen, but usually the best sections are afforded by the small runs and 
brooks that have trenched more or less deeply the hills that bound the river 
valley. These hills extend from the northern line of Chenango county for 
forty-five miles to the southwest until the Susquehanna is reached near Bing- 
hamton. 

These sections occur in the Middle and Upper Devonian of southern 
central New York. In order to bring out clearly the character and succes- 
sion of these formations, a series of sections with their fossils will now be 
described approximately in the order of their occurrence from Sherburne on 
the north to the vicinity of Binghamton on the south. 

XIX <A. To the southeast of Smyrna, between the New York, 
Ontario and Western and the Delaware, Lackawanna and Western railroads, 
is a hill on whose eastern side, about two miles southwest of Sherburne 
village, and just west of the turn in the highway approaching the village, is 
an old quarry of shaly sandstone. The back of the quarry shows a ledge 
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eleven feet thick, in which Hamilton fossils are common, and from which the 
following species were obtained : 


1. Spirifer mucronatus (Con.), Bill. | (a) 
2. Tropidoleptus carinatus (Con.), Hall. (1T) 
3. Chonates scitula, Hall. (c) 
4. Athyris spiriferoides (Eaton), Hall (?). (rr) 
Imperfectly preserved internal impression. 
5. Grammysia (Sphenomya) cuneata, Hall. (rr) 
6. Microdon (Cypricardedla) tenuistriatus, Hall. (7r) 
7. Tdlinopsis subemarginata (Con.), Hall. (rr) 
8. Actinopteria decussata, Hall. (rr) 
9. Orthoceras, sp. (poorly preserved fragment). (rr) 


10. Dalmanites (Crypheus) Boothi (Green), Hall. (ar) 

The Hamilton arenaceous shales, with plenty of fossils, extend at least 
sixty feet higher than the quarry, where an outcrop was found which is 
barometrically 175 feet above the Delaware, Lackawanna and Western rail- 
road station at Sherburne, or approximately 1,220 feet A. T. 

ATX A* Above the Hamilton outcrop just mentioned the rocks are 
covered for about sixty-three feet, when another old quarry is reached, in 
which there are thin, bluish sandstones alternating with thin, bluish, fissile, 
" argillaceous shales, and this outcrop may be followed for some distance along 
the side of the hill to the north. No fossils were found except fucoidal mark- 
ings similar to Fucoides graphica, Van. The quarry is barometrically 238 feet 
above the Delaware, Lackawanna and Western railroad station at Sherburne. 
The rocks belong to the Sherburne formation, and the upper portion of this 
hill has been so indicated on the accompanying geologic map. 

XIX F*. In the northern part of Sherburne township, about two and 
one-half miles northeast of the village, on the Powers farm, two excavations 
were made some years ago in search of coal, and the place is known locally as 
the “coal mine.” The rocks are mostly thin, fissile, black, argillaceous shales, 
containing abundant Hamilton fossils. Some of the layers are composed very 
largely of Spirifer mucronatus (Con.), Bill, and Tropidoleptus carinatus (Con.), 
Hall The most abundant species are Spirifer mucronatus (Con.), Bill, 
Tropidoleptus carinatus (Con.), Hall, and Ambocalia umbonata (Con.), Hall, 
and the rocks belong in the upper part of the Hamilton formation, probably 
the zone termed in western New York, the Moscow shale. Barometrically the 
locality is 266 feet above the Sherburne railroad station, or approximately 
1,308 feet A. T. 
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XIX /*, On the western side of the small valley formed by Herrington 
brook and to the northwest of the “coal mine” is a steep hill 200 feet higher. 
Near the top of the hill is Mulligan’s quarry, from which bluish, fine-grained, 
thin flagstones are produced. Most of the layers are only from one-half to 
two inches thick, but the workmen claim that if well bedded they do not 
break easily, and the flags have been used to some extent in the village for 
sidewalks. Above the flags in the quarry are rather coarse, irregular shales, 
which contain fossils ; Liorhynchus mesacostalis, Hall, and Spirifer are common. 
This quarry is barometrically about 455 feet above the railroad station in 
Sherburne, or approximately 1,500 feet A. T., and is considered as belonging 
to the lower part of the Ithaca group. The hill is composed of the Sherburne 
and Ithaca formations, and has been so represented on the geologic map. 

ATX F', In the eastern part of Sherburne village is a stream known as 
Mad brook, which has rocky banks for a mile or more. At the*head of the 
glen is Sherburne or Rexford falls, a local summer resort and picnic ground. 
The rocks along the side of the brook contain numerous fossils, making an 
excellent locality for collecting species found in the upper part of the Hamil- 
ton formation. The lowest exposures of rocks in Mad brook are in the edge 
of the village, only thirty-two feet, by the level, above the railroad, or with 
an altitude of 1,074 feet A. T. They are thin, blue shales, that split very 
finely, contain numerous fossils and some calcareous layers, composed _princi- 
pally of fossils. The observed fauna is as follows: 


1. Orthis Vanuaemi, Hall. (c) 
2. Athyris (Spirigera) spiriferoides (Katon), Hall. (r) 
3. Stropheodonta perplana (Con.), Hall. (r) 
4. Stropheodonta inequistriata (Con.), Hall. (a) 
5. Spirifer mucronatus (Con.), Bill. (a) 
6. Spirifer granulosus (Con.), Hall and Clarke. (ar) 
7. Spirifer audaculus (Con.), Hall and Clarke. (rr) 
8. Spirifer fimbriatus (Con.), Bill. (ar) 
9. Orthothetes Chemungensis (Con.), Hall and Clarke. (2r) 
10. Chonetes coronata (Con.), Hall. (rt) 
11. Centronella impressa, Hall. (?) () 
12. Tropidoleptus carinatus (Con.), Hall. (c) 
13. Orbiculordea sp. (rr) 
14. Lingula (portion of a valve). (rr) 
15. Nucula bellistriata (Con.), Hall. (rr) 
16 


. Macrodon Hamitltonie, Hall. “4 (¢) 
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— 17. Paleoneilo constricta (Con.), Hall. (r) 
18. Goniophora Hamiltonensis, Hall. (7) 
19. Microdon (Cypricardella) bellistriatus, Con. (rr) 
20. Mytilarca (Plethomytilus) oviformis (Con.), Hall. (r) 
21. (?) Liopteria (very imperfect specimen). (27r) 
22. Phacops rana (Green), Hall. (r) 
23. Loxvonema delphicola, Hall. (rr) 
24.. Gomphoceras, sp. (zr) 
25. Portion of a Crinoid stem. (r) 


XIX 5°. The shales farther east by the side of Mad brook, just above 
the highway bridge, are sixty-two feet by level above the railroad. The rocks 
are blue, argillaceous (somewhat arenaceous) shales, containing abundant 
fossils, generally small forms cf lamellibranchs and brachiopods, with an 
occasional large lamellibranch and trilobite. The following species were 
collected : 


1. Chonetes coronata (Con.), Hall. (aa) 
2. Chonetes setigera, Hall. (aa) 
3. Chonetes scitula, Hall. (?) (r) 
4. Chonetes lepida, Hall. (rr) 
5. Spirifer mucronatus (Con.), Bill. (aa) 
6. Spirifer granulosus (Con.), Hall and Clarke. (rr) 

7. Spirifer fimbriatus (Con.), Bill. (rr) 

8. Spirifer Tullius, Hall. (2) (rr) 

(A single internal impression of a ventral valve.) 

9. Ambocelia umbonata (Con.), Hall. () 
10. Athyris spiriferoides (Katon), Hall. (r) 
11. Orthis Vanuxemi, Hall. (r) 
12. Stropheodonta, sp. (internal impression of large valve). (rr) 
13. Orbiculoidea, sp. (rr) 
14. Lingula, sp. (rr) 

It has the same proportions as ZL. /igea, H., though slightly large» 
15. Lingula, sp. (1r) 
A broken specimen resembling LZ. complanata, Williams. 
16. Nuculites triqueter, Con. (aa) 
17. Nuculites oblongatus, Con. (r) 
18. Palewoneilo constricta (Con.), Hall. (2) 
19. Paleoneilo emarginata (Con.), Hall. (r) 


20. Puleoneilo muta, Hall. (r) 
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21. Nueula bellistriata (Con.), Hall. (c) 
22. Nucula corbuliformis, Hall. (7) 
23. Nuecula lirata (Con.), Hall. (r) 
24. Paracyclas tenwis, Hall. (1r) 
25. Schizodus, sp. (2), Gampertect specimen), (zr) 
26. Macrodon Hamiltonie, Vall. (rr) 
27. Modiella pygmea (Con.), Hall. (c) 
28. Orthonota (2?) parvula, Hall. (r) 
29. Orthonota carinata, Con. (x) 
30. Orthonota undulata, Con. (?) (r) 
31. Lunulicardium fragile, Hall (2). (rr) 
32. Cimitaria elongata (Con.), Hall (?). (2) 
33. Pholadella radiata (Con.), Hall. (aa) 
34. Prothyris lanceolata, Hall. *(an) 
35. Grammysia arcuata (Con.), Hall. (c) 
36. Grammysia bisulcata (Con.), Hall. (a) 
37. Modiomorpha mytiloides (Con.), Hall. (rr) 
38. Sphenotus solenoides, Hall. (er)? 
39. Sphenotus truncatus (Con.), Hall (2). (rr) 
40. Goniophora, sp. (probably G. Hamiltonensis, H.). (ar) 
41. Tellinopsis subemarginata (Con.), Hall. (ar) 
42. Cypricardinia indenta (Con.), Hall. (rr) 
43. Microdon (Cypricardella) bellistriatus, Con. Geers (zr) 
44. Liopteria, sp. () 
With poorly preserved specimens it is difficult to make specific 
identifications when the species of this genus differ so slightly. 
45. Pterinopecten Vertumnus, Hall (2). (c) 
cf. P. intermedius, TH. 
46. Glyptocardia speciosa, Hall. (7r) 
47. Dalmanites Boothi (Green), Hall. (c) 
48. Phacops rana (Green), Hall. (7) 
49. Homalonotus DeKayi (Green), Emm, (71) 
50. Bellerophon Leda, Hall. (r) 
51. Bellerophon acutilirata, Hall. (2r) 
52. Cyrtolites (Cyrtonella), sp. (rr) 
53. Pleurotomaria capillaria, Con. (r) 
54. Loxonema delphicola, Hall. (a) 
55. Coleolus tenuicinctum, Hall. (r) 


ProsserR—HamiItton anp Curemune Series. 129 


56. Tentaculites, sp. (a single impression). (1r) 
57. Orthoceras, sp. (fragments of two species). (r) 
58. Crinoid stems. (vr) 


AXLIX LF. Sherburne or Rexford falls, one mile east of Sherburne village. 
The foot of the falls is 183 feet by level above the railroad, or 1,175 feet A. 'T. 
The shales are coarser than those farther down the brook, quite blue, and 
alternate with blue sandstone, some of the strata of which are two feet thick. 
In the glen below the falls is a sulphur spring, and the place is well known 


locally as a picnic ground. The following species were here collected : 


1. Spirifer granulosus (Con.), Hall and Clarke. (1) 
2. Spirifer fimbriatus (Con.), Bull. (1) 
3. Spirifer mucronatus (Con.), Bill. (1r) 
4. Spirifer Tullius, Wall. (1r) 
5. Tropidoleptus carinatus (Con.), Hall. (1) 
6. Orthis Vanuxemi, Hall (2). () d 
7. Orthothetes Chemungensis (Con.), Hall and Clarke. (17) 
8. Ambocelia umbonata (Con.), Hall. (c) 
9. Chonetes coronata (Con.), Hall. (ar) 
10. Chonetes mucronata, Hall. (rr) 
11. Chonetes setigera, Hall. (1r) 
12. Chonetes scitula, Hall. (17) 
13. Paleoneilo constricta (Con.), Hall. (ar) 


AIX Lb. Mad creek, just below the Sherburne reservoir at Harrisville, 
one and one-half miles east of Sherburne village. The lower dam at the top 
of these shales is about 240 feet above the railroad by surveyor’s leveling, 
making the altitude of this locality about 1,282 feet A. T. The rocks are 
coarse, arenaceous Hamilton shales, alternating with shaly sandstones, and 
characteristic Hamilton fossils are abundant, as for example, Spirifer granu- 
losus (Con.), Hall; Zropidoleptus carinatus (Con.), Hall; Spirophyton velum 
(Van.), Hall, mingled with some of the larger lamellibranchs. The rocks 
form a small fall just below the lower reservoir dam, and at its base finer 
shales oceur. The coarse, shaly sandstones contain. large numbers of per- 
fect specimens of the Spirophyton velum (Van.), Hall, making an excellent 
locality for collecting specimens of this interesting fossil. The complete list 


is as follows: 


1. Spiriter granulosus (Con.), Hall. (aa) 
2. Spiriter audaculus (Con.), Hall.—=S. medialis, H. (c) 
3. Spirifer mucronatus, (Con.), Bill. (c) 


9 


130 Reporr or THE Srare GEouoGIst. 


4. Tropidoleptus carinatus (Con.), Hall. (a) 
5. Cyrtina Hamiltonensis, Hall. (2) 
6. Grammysia arcuata, (Con.), Hall. (ar) 
7. Grammysia bisulcata (Con.), Hall. (1r) 


8. Crinoid segments. 
9. Spirophyton velum (Van.), Hall. (c) 

XIX 4°, On the south side of the highway and the south branch of 
Mad brook, opposite the reservoir, is the Swan quarry, which is only about 
ten feet higher than the top of the upper reservoir dam or some 273 feet 
above the railroad at the village, or 1,315 feet A. T. At the bottom of the 
quarry is a bluish sandstone from one and one-half to two feet thick, which 
has been quarried to some extent, capped by about eight feet of rather arena- 
ceous shales that contain plenty of small Hamilton Jamellibranchs. During 


a hasty search the following species were c lected : 


1. Spirifer mucronatus (Con.), Bill. (2) 
2. Liorhynchus multicosta, Wall. (aa) 
3. Tropidoleptus carinatus (Con.), Hall. (r) 
4. Spirifer Tullius, Hall. (r) 


The shell has distinctly the form of this species and near the 
front of the valves are apparently traces of striae on the plications. 
There are several very small specimens of Sp/rifer which may 


possibly belong to this species. 


5. Paleoneilo constricta (Con.), Hall. (v) 
6. Nueula lirata (Con.), Hall. (c) 
7. Nucula belistriata (Con.), Hall. (rr) 
8. Nuculites triqueter, Con. (ar) 
9. Paleoneilo enarginata (Con.), Hall. (17) 
10, Phthonia cylindrica, Hall. (ar) 
11. Modiomorpha mytiloides (Con.), Hall (2). ar) 


The striae are of this species but the shape at the anterior end 
is nearer, that of JZ concentrica (Con.), Hall. 


12. Liopteria Delay, Hall (2). (rr) 
18. Orthothetes Chemungensis (Con.), Hall and Clarke, 

var. perversa, Hall. (ar) 
14. Grammysia (Sphenomya) cuneata, Hall. (ar) 


Crushed specimen agreeing closely with the description of this 


species. 
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ATX B®. Above the Swan quarry is a steep hill with but few outcrops. 
On the highway up this hill, at an elevation of 170 feet above the Swan 
quarry, 1s a clear outcrop of the Sherburne flagstones, but these thin sand- 
stones appear lower on the highway, and it is probable that the Swan quarry 
is near the top of the Hamilton formation. 

ATX B*. Along a small run on the western side of the highway, near 
the brow of the hill, are shales. This outcrop is barometrically 252 feet 
above the base of the Swan quarry or approximately 1,567 feet A. T. Fossils 
are rare with the exception of Liorhynchus mesacostalis, Hall, fourteen speci- 


mens of which were collected. The list is as follows: 


1. Liorhynchus mesacostalis, Hall. (a) 

2. Chonetes setigera, Hall (2). (rr) 
Imperfectly preserved. 

3. Nucula corbuliformis, Hall (2). (ar) 


Very imperfect specimen. 

4. Crinoid segments. (r) 

This outcrop probably contains the first of the Ithaca fauna, though it 
is lower than its appearance in force, and below it are perhaps some 240 
feet of shales and sandstones of the Sherburne formation. 

ALIX G. Section along a small stream and up a steep hill about three- 
fourths of a mile southeast of Sherburne village and some twenty-five feet 
above the railroad. In the stream are arenaceous blocky shales’ in which 
Hamilton fossils are abundant, especially small Chonetes. 

ATX G. About fifty-five feet higher, near the foot of the steep hill, 
are coarser shales. The fossils are not so abundant as in G*, but the species 
are larger, as for example, Spirifer granulosus (Con.), Hall. 

XTX G*. Above comes the steep slope of the hill, completely covered 
by soil to near the brow on the western side, 440 feet above G®, where occurs a 
ledge composed of coarse arenaceous shales alternating with thin blue flag- 
stones. Some of the thin layers contain a few fossils, as Liorhynchus mesa- 
costalis, Hall; <Atrypa reticularis (Lin.), Dalm.; Palawoneilo emarginata 
(Con.), Hall; Paracyclas lirata (Con.), Hall; Orthis, sp.; Spirifer, sp., and 
a few others. This ledge is in the lower part of the Ithaca formation and 
barometrically 520 feet above the railroad, or at an approximate altitude of 
1,582 feet A. T. 

XIX C™ One and one-half miles south of Sherburne village, Nigger 
brook enters the Chenango river from the east. For two miles its course is 


almost directly west, and it has cut a deep valley bordered by steep sides 
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through the elevated tract of land which follows ‘the eastern side of the 
Chenango river for some miles. Locally, the narrow part of this valley is 
known as “ Nigger Hollow.” Up this valley, one and one-quarter miles from 
the river road and in a straight line about two and one-half miles southeast of 
ot 
Sherburne village, is the Lee quarry which was formerly worked for a blue 
sandstone at its bottom, and above this are blue argillaceous shales contain- 
ing abundant Hamilton fossils. This quarry is undoubtedly in the upper 
5 i 4 ; i 
part of the Hamilton formation as may be inferred from the accompanying 


list of fossils from the blue shales on top of the sandstone : 


1. Spirifer mucronatus (Con.), Bill. (c) 

Normal Hamilton type. 

2. Spirifer Tullius, Hall. (rr 
3. Liorhynchus niulticosta, Hall. (c) 

Some of the small specimens show scarcely any plications on the 
sides of the shell, yet they are nearer in general appearance to this 
species than to Z. mesacostalis, H. 

4, Orthis Vanuxemi, Hall. (rr) 
5. Athyris spiriferoides (Eaton), Hall. (rr) 
6. Nucleospira concinna, Hall (?). (17) 
7. Modiomorpha concentrica (Con.), Hall. (rr) 
8. Modiomorpha mytiloides (Con.), Hall. (ar) 
9. Modiomorpha subalata (Con.), Hall (2). (ar) 
10. Paleoneilo constricta (Con.), Hall. (1r) 
11. Nucula corbuliformis, Hall. (ar) 
12. Chonetes mucronata, Hall (?). (ar) 
13. Grammysia bisulcata (Con.), Hall. (7) 
14. Tellinopsis subemarginata (Con.), Hall. ar) 
15. Bellerophon acutilira, Hall. (r) 
16. Orthoceras, sp. (fragment. (r) 


This quarry is barometrically 158 feet above the railroad at Sherburne. 
The Hamilton shales continue at least forty-five feet higher than at the Lee 
quarry, as may be seen in an outcrop of fine shales having the characteristic 
lithologic appearance and fossils, by the side of the road that crosses Nigger 
brook just below the forks. This outcrop is 203 feet above the railroad and 
has an approximate altitude of 1,245 feet A. T., and the rocks are near the 
top of the Hamilton formation as the description of those overlying will indi- 
cate. The locality is one and four-tenths miles due south of the Swan quarry 


which is regarded as near the top of the Hamilton formation on the northern 
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side of this hill; and if this exposure at the creek be at about the top of the 
Hamilton, we would have a dip of fifty feet per mile to the south. 

XIX C?. About sixty-three feet above the Hamilton shales at the fork 
of Nigger brook, on its south branch on the Ertz farm, are blackish shales. 
This locality is hardly one mile above the Lee quarry, and barometrically 108 
feet higher. The rocks which are well exposed along the bed and side of the 
brook are even-layered argillaceous shales, part of which are decidedly blackish 


in color. The shales contain a few fossils, the following species having been 


obtained : 
1. Glyptocardia speciosa, Hall. (r) 
2. Leptodesma Rogersi, Wall. (7) 
3. Coleolus aciculum, Hall (2). (c) 
Slender tapering specimens without surface markings, and very 
near the figures of this species. 
4. Orthoceras ct. subulatum, Hall (?). (r) 
5. Goniatites cf. discoideus, Hall. (c) 


Very imperfectly preserved. 

These shales are considered to belong in the Sherburne formation, and in 
lithologic characters are quite similar to the darker shales of the Portage for- 
mation in western New York. 

ATX €*. Along the south branch of Nigger brook are but few outcrops 
of any importance after passing the black shales of the Ertz farm. However, 
at the head of the valley, two and eight-tenths miles east of the river road and 
378 feet above the black shales of C*, is a ledge of thin shaly sandstones on the 
x8. Sherdin farm. These shaly sandstones form a ledge on the south side of 
the highway and contain a considerable number of fossils. Spirifer mesastrialis, 
Hall, is common, several specimens preserving the external surface of the shell 
and showing clearly the markings of the fine striae which characterize this 
species. Two specimens are very broad, like that shown in figure 18, plate XL, 
Vol. IV of the Paleontology of New York, and there can be no doubt as to 
the correctness of the identification of this species. Professor Clarke has 
suggested that the’ appearance of the above species is evidence of a change 
from the Hamilton to the Ithaca formation. I would also state that this 
species is generally above the first species of this fauna, and is not present 
until the Ithaca fauna is fairly well represented. A search of twenty minutes 


in these thin sandstones furnished the following : 


1 Thirteenth Annual Report State Geologist [New York], p. 554. 
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1. Sperifer mesastrialis, Hall. (c) 


Several specimens of the exterior clearly show the striae, so there 
can be no doubt as to the species. 
2. Spirifer mucronatus, Hall. (c) 
These specimens are small and mucronate with few plications. 
In the interior of one is a small septum showing the beginning 
of that character. These are like many of the Ithaca speci- 
mens, and probably it would be better to call them varieties of 
this species. 
3. Spirifer granulosus (Con.), Hall and Clarke. (2r) 
Two external impressions which have distinct pits that must 
have been made by pustules, and the impression of the dorsal 


valve shows a small furrow along the center of the fold. 


4. .Oyrtina Hamiltonensis, H. (?). ar) 
Broken and poorly preserved specimen. 

5. Chonetes scitula, H. (a) 

6. Chonetes setigera, Hall. (c) 


Smaller specimens with fewer and coarser striae having form of 
this species and spines at the same angle from the hinge line. 
7. Rhynchonella (Camarotachia) Stevensi, Hall. (¢) 


Two or three specimens approach the J. (C.) extmia type. 


8. Tropidoleptus carinatus (Con.), Hall. () 
9 Atrypa reticularis (Lin.), Dalm. (r) 
10. Stropheodonta perplana (Con.), Hall (2). (ar) 


Poorly preserved. 
11. Orthis, sp. (rr) 
Not poorly preserved but apparently nearer in form to 


O. Vanucemi, H., than to O. impressa, H. 


12. Paleoneilo emarginata (Con.), Hall. (ar) 
13. Modiomorpha mytiloides (Con.), Hall. (1r) 
14. Modiomorpha concentrica (Con.), Hall. (rr) 
15. Paracyclas lirata (Con.), Hall. (rr) 
16. Palwoneilo constricta (Con.), Hall. (vr) 


From the above fauna this ledge is referred to the Ithaca formation, but 
it is probably fully 100 feet above its base. The approximate altitude of the 
ledge is 1,686 feet A. T., and the altitude of the lowest Ithaca fossils on the top 
of the hill above the Swan quarry is 1,544 feet. This locality is two miles 
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southeast of Swan hill, so that, making an allowance for dip, it is probable 
that C? is nearer 150 than 100 feet above the base of the Ithaca formation. 

XIN (4. One mile farther east, in the southwestern corner of Colum- 

bus, rocks are seen by the side of the road. This place is on top of the divide 

between the Chenango and Unadilla rivers, from which a beautiful view of 

the surrounding country may be obtained. These rocks are the highest of 

this region, by the barometer 126 feet higher than C*, 567 feet above the 

Hamilton at the Nigger brook crossing, and 770 feet above the railroad in 

Sherburne village, giving an approximate altitude of 1,812 feet A. T. They 

consist. of micaceous and arenaceous shales and shaly sandstones, part of the 

layers containing plenty of fossils, and others scarcely any except an occasional 

lamellibranch. The following species were collected in fifteen minutes : 

1. Spirifer mucronatus (Con.), Bill. var. posterus, Hall and Clarke. (aa) 

These specimens in general seem to be like figures 28 and 30, 

(plate XXXIV, Palaeontology of New York, Vol. VIII, Brachio- 

poda IL.) of this variety, although some might possibly be referred 

to the species itself. The internal impressions in the umbonal 

region of two or three specimens show a small groove which looks 

as though they might have possessed a small septum and these 

should be compared with Sp. mesacostalis, although I have seen 

Sp. mucronatus with a septum in the Hamilton (Moscow) shales 


of Cayuga lake. 


2. Spirifer granulosus (Con.), Hall (2). (rr) 

Part of an external impression that shows very clearly the im- 
pressions of pustules. 

3. Liorhynchus mesacostalis, Hall. ar) 

4. Paracyclas lirata (Con.), Hall. (vr) 

5. Wucula corbuliformis, Hall. (rr) 

6. Palewoneilo cf. filosa (Con.), Hall. (r) 


Impressions that do not preserve any of the surface markings 
except near the outline of the species. 


7. Modiomorpha cf. subalata (Con.), Wall, var. Chemungensis, Hall. (rr) 


8. Leptodesma Rogers, Hall (2). (r) 
9. Letinopteria perstrialis, Hall. (11) 
10, Schizodus cf. appressus (Con.), Hall. (rr) 


The upper 300 feet of this ridge, which includes the highest 


rocks of the divide, belong in the Ithaca formation. 
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North Norwich. 

NL A‘, The next township south of Sherburne is North Norwich, in 
the northwestern portion of which 1s a steep and high hill, known locally as 
Pratt’s mountain. On its eastern side is the Chenango river, and on the 
western the Fly brook valley, which is followed by the Delaware, Lackawanna 
and Western railroad from the North Norwich station to Sherburne village. 
On the eastern side of the hill, two and four-tenths miles south of Sherburne, 
and immediately above the lock on the abandoned Chenango valley canal, are 
rather coarse, arenaceous shales in which Hamilton fossils are common, ‘This 
exposure is about on a level with the station in Sherburne. 

AI A*, This part of the hill side is very steep, and near its top, 
345 feet above the canal, is a ledge composed of thin arenaceous shales 
wuternating with thin sandstones, an inch or more in thickness. Fossils are 
very rare, only a few specimens of Liorhynchus being found. The outcrop is 
probably in the Sherburne formation, although not far from the base of the 
Ithaca, and it has an approximate altitude of 1,387 feet A. T. 

NL J. The southern end of Pratt’s mountain is about one-half mile 
north of the village of North Norwich, and near the brow of the lill are 
coarse, arenaceous shales that split into thin, somewhat even pieces. Fossils 
are very rare, an occasional Liorhynchus and Spirifer with fragments of plant 
stems constituting all that were found. This is probably the base of the 
Ithaca formation. The New York, Ontario and Western railroad station at 
North Norwich is 1,005 feet A. T., but probable inaccuracy in the readings of 
the barometer on account of rain gave this ledge as 265 feet higher than the 
station, which would indicate an altitude of 1,270 feet A. I 

NI, (", Along Cold brook, about one mile southwest of North Norwich, 


are bluish arenaceous shales that split into regular pieces of uniform thick- 


\ 


ness. No fossils were found except fragments of plant stems. The first 
exposure of these shales was at eighty-five feet above the station, and they 
continue with practically the same characters for 155 feet and belong in the 
Sherburne formation. 

NXT (*, Along a small stream that enters Cold brook from the west are 
rocky cliffs, and at an elevation of 158 feet above the railroad, or approxi- 
mately 1,158 feet A. 'T., is a layer, about two inches thick, containing fossils, 
mostly brachiopods, as Léorhynchus mesacostalis, Wall; Spirifer mesastrialis, 
Hall (2); Spérifer mucronatus (Con.), Bill. (Ithaca variety); Cyrtinw Hamil- 
fonensis, Wall; Nucula sp. and Crinoid stems. This exposure is clearly the 


first of the Ithaca fauna, and may be considered the base of the Ithaca forma- 
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tion which, on top of the high hill southwest of Smyrna village, is seven miles 
northwest of this locality. The approximate altitude of the Smyrna locality 
above sea level is 1,620 feet, and that at North Norwich is 1,158 feet, making 
a dip of sixty-six feet per mile to the southeast between these two localities, 
which is greater than had been given in previous estimates. 

XL C8. About one and one-half miles southwest of North Norwich, in 
the edge of Plymouth township, is the Horace Wilkes quarry which, fifty 
years ago, was worked under the name of the Harris quarry. It is about 412 
feet above the railroad, or 1,417 feet A. T. The back of the quarry shows 
about twenty-five feet of blue sandstones alternating with shales. A small 
amount of the stone is quarried for flagging, but most of it for building pur- 
poses. The sandstone contains specimens of Spdrophyton velum, Van., of large 
size, and other fossils are common. The list is as follows: 


1. Spirifer mucronatus (Con.), Bill. (c) 
2. Atrypa reticularis (Linné), Dalm. (cc) 
3. Liorhynchus mesacostalis, Hall. (c) 
4. Chonetes scitula, Hall (?). (a) 


This species is abundant, but in the condition of impressions 
which renders identification difficult. - Some of the specimens 
approach (. setigera, Hall, in form, though they are not so convex 


near the umbo as those found at Ithaca. 


5. Chonetes lepida. Wall. ar) 
6. Cyrtina Hamiltonensis, Hall. (ar) 
7. Stropheodonta sp. (rr) 
Two imperfect impressions which are similar to S. perplana 
(Con.), Hall. 
8. Productella, sp. (c) 
9. Microdon (Cypricardela) bellistriatus (Con.), 
Hall, or MZ. tenuistriatus, Hall. (ar) 
A single specimen that has the proportions of JZ. be/listriatus, 
as well as those of the elongated form of JZ. tenwistriatus, Hall 
(see plate 73, figure 28, Palaeontology of N. Y., Vol. V., Part I.). 
It is impossible to determine whether the specimen has the fine 
striae of JZ. tenwistriatus or the coarse striae of WW. bellistriatus. 
10. Paracyclas lirata, (Con.), Hall. Gr) 
11. Cimitaria recurva (Con.), Hall. (1) 
12. Palawoneilo emarginata (Con.), Hall. (rr) 


13. Goniophora carinata (Con.), Hall (?). (1) 
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This species is reported from Copley’s quarry at Oneonta.’ A 
comparison of specimens from the two localities fails to prove them 
precisely similar; but the North Norwich specimens are nearer 
this species than any of the others figured in this work. 


14. Modiomorpha, sp. (a broken specimen). ar) 
15. Glossites depressus, Hall. , (Qr) 
A single specimen that apparently belongs to this genus and 
species. 
16. Palewoneilo constricta (Con.), Hall. (ar) 
17. Orthis, sp. (rr) 
18. Leptodesma ct. Fogersi, Hall. (r) 


These specimens do not have as mucronate ears as most of those 
figured ; but some of them resemble closely the one figured on 
plate 21, figure 9 (Palaeontology of New York, Volk V., Part L, 
Lamell. I.), which is stated to be from the Hamilton shales at 
Norwich, N. Y. 


19. Orthothetes Chemungensis (Con.), Hall. (7) 
20. Actinopteria Boydi (Con.), Hall. (rr) 
21. Phacops rana (Green), Hall. (rr) 


22. Spirophyton, sp. 

The quarry is of course in the Ithaca formation, and some 260 feet above 
its base. Wanuxem mentioned the quarry, referring the rocks to the Ithac: 
group and called it the second best locality for the “F’ucotdes velum, or Curtain 
fucoid” = Spirophyton, and stated that “fossils are somewhat numerous.” * 

XL C*. On top of the lll, above the Wilkes quarry to the west of 
Cold brook, is an outcrop of sandstone in the South Plymouth road, which is, 
perhaps, 495 feet above the North Norwich railroad station, making its alti- 
tude approximately 1,500 feet A. T. The sandstone weathers to a brownish 
color, contains large numbers of Spirifers, and is in the Ithaca formation, which 
gives a thickness of 340 feet to this formation in the hill southwest of North 
Norwich. 

Norwich. 


XXXV C'. South of North Norwich is Norwich township which has 
been carefully described by J. M. Clarke,® and those interested in the geology 


of the Chenango valley are referred to that report for the description of this 


1 Palaeontology of New York, Vol. V., Part I., Lamell. IL., p. 302; see plate 44, figure 7, for figure of form similar to the North 
Norwich specimen, 

2 Geology of New York, Part III., 1842, pp. 178, 293. 

3 Thirteenth Annual Report State Geologist [New York], pp. 533-539. 
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township as well as those of Oxford and Greene to the south. A few localities 
were studied by the writer that are not mentioned by Clarke, and a brief 
description of them may add something to our knowledge of the geology of 
the township. 

About one-quarter of a mile north of the Delaware, Lackawanna and 
Western railroad station in Norwich village, is a railroad cut through bluish 
shales and shaly sandstones, The base of the cut is not more than ten or 
fifteen feet higher than the railroad station, which is givenas 1,001 feet A. T 
Fully five feet of rocks in which fossils are common, are exposed in the cut, 
some of the layers containing large numbers of Liorhynchus mesacostalis, 
Hall; Chonetes setigera, Hall, and Spirifer mucronatus (Con.), Bill. The 


following species were collected : 


1. Liorhynchus mesacostalis, Wall. (aa) 
2. Chonetes scitula, Hall. (a) 
3. Chonetes setigera, Hall. (aa) 


This narrower species with the smaller number of striae is by far 
the most abundant specimen from the railroad cut. Some of the 
specimens show a tendency towards (. lepida, Hall, in the character 
of two stronger striae near the center of the shell and finer ones 
between them. 

. Spirifer mucronatus (Con.), Bill. (aa) 

These specimens agree fairly well with figures of this species, as 
figures 1, 4,19 and 20 of plate 34 (Palaeontology of New York, Vol. 
IV.), and are undoubtedly the same as the forms listed by Clarke 
from Norwich as this species (Thirteenth Annual Report, p. 533, 
ete.); but there are specimens from Ithaca that are difficult to 


is 


separate from some of these. There are both mucronate and 
rounded forms. 
Spirifer granulosus (Con.), H. and C. (2). (rr) 


One impression which shows very clearly the numerous pittings 


or 


produced by the pustules. 


6. Atrypa reticularis (Linné), Dalm. (rr) 
7. ZLropidoleptus carinatus (Con.), Hall. (c) 
8. Productella, sp. (c) 


Poorly preserved and broken specimens, possibly nearer 
P. dumosa, H., than P. speciosa, H. 


1 The profile of the New York, Ontario and Western railroad gives the Norwich station as 987 fect A. T., and it seems hardly 
possible that there is a difference of fourteen feet between the two railroad stations in the village. 
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9. Stropheodonta, sp. (r) 
IT have compared these with WS. mucronata, (Con.), H., and 
S. perplana (Con.), H., without coming to a decision as to their 
specific character. They seem to be rather too convex for the 
former and too much variation in the size of the striae for the latter. 

10. Palwoneilo fecunda, Hall. (rr) 

The specimen seems to be nearer to this species than to P. filosa 
(Con.), Hall. The geatest length is not on the hinge line. 

11. Cyrtina Hamiltonensis, Hall. (1r) 

This locality is, of course, in the Ithaca formation and some distance 
above its base. 

XXXV A'. Clarke described an interesting section on the western 
side of Canasawacta creek along the road northwest from Norwich toward 
Preston,’ and the writer studied one begimning on the Canasawacta creek in 
the western part of the village, and following the road up the steep hill 
directly west. This hill affords a section of 550 feet, and on account of its 
close agreement with the one described by Clarke, it is considered suft- 
ciently interesting to merit a description. On the bank of Canasawacta creek, 
immediately below the bridge at the western side of the village, are thin, 
irregular sandstones and coarse, arenaceous shales. Some clay pebbles are 
found in the rocks. Fossils are common in some of the layers, as Zropidolep- 
tus carinatus (Con.), Hall; Chonetes scitula, Hall; Spirifer mesastrialis, 
Hall (?); Rhynchonella sp., and lamellibranchs. This outcrop is sixteen feet 
below the highway bridge, or approximately 985 feet A. T., and is in the 
Ithaca formation, though somewhat above its base. The base of the Ithaca 
formation on the branch of Cold brook, one mile southwest of North Norwich 
is five and four-tenths miles north of the above locality, with an altitude of 
1,158 feet A. T., which indicates that the dip between these two places is 
greater than thirty-two feet to the mile; how much greater is not known, as 
the base of the Ithaca formation has not been noted in the vicinity of Norwich. 

XXX)" A*®. This is an old quarry a little beyond the forks in the road 
and 155 feet above the creek level, in which forty feet of rocks are exposed, 
consisting of blue sandstones alternating with shales, some of the layers con- 
taining clay pebbles. The sandstones are of irregular thickness, some of them 
about two feet thick but generally much thinner. Fossils in general are not 


numerous though some layers are composed largely of a few species forming 


what might be called a firestone. The most abundant fossils are: Paracyclas 


1 Thirteenth Annual Report State Geologist [New York], pp. 534-539, with section on p. 538. 
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Jirata (Con.), Hall; Chonetes scitula, Hall; Atrypa reticularis (Lin.), Dalm.; 
Paleoncilo maxima (Con.), Hall; and Spirifer, sp. The top of this quarry is 
208 feet above the creek level, which brings it in an approximate horizon 
with stations B and B,, described by Clarke,’ who gave a list of nineteen 
species. For about eighteen feet the rocks are covered and then arenaceous 
and rather smooth shales that weather to a greenish tint are exposed by the 
roadside. The base of these shales is 226 feet above the creek and they show 
a thickness of nineteen feet on the road. At 239 feet above the creek in thin 
blocky shales a few fossils were found, Paracyclas lirata (Con.), Hall, and 
Microdon (Cypricardella) bellistriatus (Con.), Hall. In a thin sandstone layer 
are plenty of crinoid segments. These were the last fossils noted until the 
red and grey rocks were reached above at an elevation of 491 feet. 

XXX V A?® is used to designate the shales and rather coarse sandstones 
after fossils become very rare. At 277 feet above the creek are very fine, 
smooth and micaceous shales that break up into small pieces about an inch 
square. At 386 feet rather coarse-grained sandstones begin to appear. 

XXX V A‘. These coarse sandstones with a little shale continue to an 
elevation of 426 feet where a stratum of concretionary coarse-grained sand- 
stone weathering to a greenish tint, crosses the road, below which are thin 
shales without fossils. Fifty feet higher a prominent, coarse-grained grey 
sandstone crosses the road. 

XXXV A®. At 491 feet above the creek level is the first outcrop of 
red argillaceous shale, below which is fissile, argillaceous, olive shale. About 
three feet above the base of the red shale is a slightly calcareous layer that 
contains clay pebbles with flat, black fish scales and fragments of fish bones. 
The red shales were not noticed on the road section above 517 feet. It is 
interesting to note that Clarke described an outcrop of “about three feet of 
soft red and green sandy shales with minute fish bones and entomostraca” on 
the Norwich-Preston road about one mile northwest of this locality.” The 
altitude of this red shale above the river level is, according to Clarke, 495 feet. 
This agrees very closely with that of the fossiliferous red shale described by 
the writer at an altitude of 491 feet above the level of Canasawacta creek, 
which can differ but slightly from the river level at this locality. 

XXX V A®, Near the brow of the hill is the Crandall quarry, no longer 
worked, the top of which is 551 feet above the creek level, or approximately 
1,536 feet A. T. The rock is a coarse-grained, greenish-grey sandstone, whose 


1 Thirteenth Annual Report State Geologist [New York], pp. 534 and 535. 
2 Thid., p. 536. 
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layers are separated by shales. One layer in the upper part of the quarry is 
two feet thick, and another near the bottom is a finer-grained stone twenty- 
seven inches in thickness. Similar greenish-grey sandstones continue to the 
top of the hill some fifteen feet higher, 567 feet above the creek level or 
approximately 1,557 feet A.'T. Below the base of the red shales, 491 feet 
above the creek, in the above section, fossils are very rare for a thickness of 
252 feet, in that portion of the section that is indicated as A‘ and A*, Pro- 
fessor Clarke observed that in the Crandall quarry, the base of which is 465. 
feet above the river, “fossils are exceedingly and remarkably rare through- 
out,” but he was fortunate in finding a few in one of the flagstones, and they 
are here listed: “ Palwoneilo emarginata, small form ; Nuculites lirata, small 
form, and Leda diversa. After a long search the soft green shales produced 
a single specimen of a small Orthoceras or Coleolus.”' ‘This outcrop is less 
than twenty-five feet below the fossiliferous red shale. These sections show 
very clearly the gradual transition from the fossiliferous blue shales and 
sandstones of the Ithaca formation to the coarser greenish-grey sandstones and 
argillaceous red and green shales of the Oneonta formation, the conditions of 
which were unfavorable to marine life. Farther east these conditions began at 
an earlier period so that it is almost impossible to draw a synchronous line of 
separation between the Ithaca and Oneonta formations when followed from 
the Chenango valley eastward into Schoharie and Albany counties. 

The first heavy greenish-grey sandstones have been considered the base 
of the Oneonta formation by some geologists, while others have placed the 
lowest red shales there. It seems probable that in either case the line will be 
a somewhat variable one. Apparently Clarke considered the base of this 
formation defined by the “light grey-green sandstone” of the Hale quarry, 
northwest of Norwich, which is 510 feet above the river level. Possibly it 
might be as well to regard the red shales with the fossil fish remains eighteen 
feet lower as the base, although, as previously stated, the line will vary 1n 
position when followed for some distance. If these red shales are called the 
base of the Oneonta formation, then in the high hill west of Norwich and the 
Canasawacta creek, the Ithaca formation has a thickness of 490 feet, show- 
ing its entire thickness to be greater than 500 feet for the Chenango valley. 
It is to be recalled that a thickness of 450 feet has been assigned to the rocks 
of the latter formation in the vicinity of Ithaca.’ 


1 Thirteenth Annual Report State Geologist [New York], p. 536. 

2 [hid., p. 536, 5387. Darton states that in Albany county he assumed the base of the Oneonta formation to be “‘ at the bottom 
of the lowest red shale member;” ibéd., p. 240. 

3 Transactions American Institute of Mining Engineers, Vol. XVI., p. 945. 
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AXXXV B'. Quarry three miles northwest of Norwich, in the south- 
eastern corner of Plymouth, and on the western side of the Canasawacta creek 
above the former DeRuyter branch of the New York, Ontario and Western 
railroad. This quarry is in the Ithaca formation and is between ninety and 
one hundred feet higher than the Norwich railroad station. About twenty 
feet of blue sandstone and shales are exposed. Fossils are common in the 
lower layers, but few were seen in the upper part of the quarry.  Z/opi- 
doleptus carinatus (Con.), Hall; Spirifer mucronatus (Con.), Bill.; Lio- 
rhynchus mesacostalis, Hall; Productella, sp.; Paleonetlo, sp., and some 
other species are common. A church in Norwich was built of stone from this 
quarry. 

XXXV I». The lowest rocks in Ransford creek, about one and one- 
quarter miles northeast of Norwich and some forty feet above the railroad 
station, consist of thin blue sandstones and shales. iorhynchus mesacostalis, 
Hall, and Spirifer mucronatus (Con.), Bill, are abundant. A little farther 
up the creek is a quarry in blue sandstone alternating with shales. There is 
no flagging, and the stone is used for building purposes only. Fossils are 
quite common, Zropidoleptus carinatus (Con.), Hall, and Productella, sp., are 
most abundant. One good specimen of Cimitaria recurva (Con.), Hall, 
was found, 


AXAXXV PD. On Ransford creek, two miles northeast of Norwich, is the 
reservoir, the top of the dam being 160 feet above the railroad station, or 
1,160 feet A. T. In the creek, just below the dam, are shales and sandstones 
which in places contain abundant fossils, especially Liorhynchus mesacostalis, 
Hall; Paracyclas lirata (Con.), Hall; Spirifer, sp., and Rhynchonella, sp. 
Above this locality, at about the same level as the dam, is a quarry that was 
opened when the reservoir was built. The rocks are blue shales and sand- 
stones in which fossils are common, Chonetes and Spirifer bemg the most 
numerous. These exposures described along Ransford creek are in the 
strongly fossiliferous portion of the Ithaca formation. 


All the recent writers in describing the geology of the Norwich region 
have noted the great similarity between the fauna of the Ithaca, as exposed 
in the Chenango valley, and that of the Hamilton formation. Professor H. 8. 
Williams, in 1886, stated that “the fauna A’ [which he called the Paracyclas 
lirata stage of the Hamilton faunas occurring above the horizon of the 
Genesee shale], underlying the greys which initiate and terminate the reds 
{the Oneonta formation | was composed of Hamilton species with scarcely any 
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exception—that is, species that are known to occur below the second black 
Devonian shale.” ! 

The writer referred to this fact in 1893,? and Clarke, in 1894, stated it 
very clearly. In describing the faunas near Norwich, Clarke wrote: “If, 
however, there exists a palpable difference between the faunas at B and B, 
[quarries one mile northwest of Norwich], and that of the typical upper 
Hamilton shales in regions where the Tully limestone is present, they may be 
reduced to the existence in the former of <Actinopteria zeta, and the not 
infrequent occurrence of Spirifer mesastrialis ;”* and again “the predom- 
inant traits of the fauna are Hamilton; its extra-Hamilton species are rare, 
especially in the lower parts of the series.” * 

As will be seen from the above statement, the rocks near Norwich con- 
tain a considerable number of species that occur in the Hamilton formation, 
but have not yet been reported from the Ithaca formation as exposed at its 
typical locality, Ithaca.. Since this fauna is more decidedly Hamilton than 
the typical Ithaca, which is the general condition at least from the Chenango 
valley eastward, the question may arise whether eventually it may not be 
better to designate this formation by a name that will refer to a locality at 
which the faunal and stratigraphic conditions are more nearly representative 
for the eastern and greater extent of the formation. 

While considering this portion of the Chenango valley section it is 
important to remember that in most of the recent papers relating to the 
geology of this valley, the Sherburne formation has been overlooked. As 
described above in Nigger brook, in the southern part of Sherburne township 
(XIX ©?), in the lower part of the Sherburne formation is a Gondatites fauna 
that is probably an eastern extension of the Cephalopod stage (C’) described 
by Dr. H. S. Williams as occurring in the lower Portage.? The writer called 
attention to this formation in 1887,° although at that time, on account of in- 
sufficient data, its thickness was underestimated, and again in 1893." The 
Sherburne formation in the Chenango valley is 250 feet in thickness and the 
Ithaca formation at least 500 feet, making a total thickness, for the rocks, 
from the top of the Hamilton formation to the base of the Oneonta, of more 
than 750 feet. This gives a thickness of some 1,250 feet for the Sherburne, 


1 Proceedings American Association for the Advancement of Science, Vol. XXXIY., p. 229; also see the plate of ‘* Meridional 
sections of the Upper Devonian deposits of New York, Pennsylvania and Ohio,’’ section IX. 

2 American Journal of Science, Third series, Vol. XLVI., p. 225. 

3 Thirteenth Annual Report Staite Geologist [New York], p. 535. 

4 Thid., p. 554. 

5 Proceedings American Association Advancement of Science, Vol. XXXVL., p. 226. 

6 Tbid., p. 210. 

7 American Journal of Scieuce, Third Series, Vol. XLVI., pp. 221, 222, 224. 
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Ithaca and Oneonta formations of the Chenango valley, which is only fifty 
feet less than the thickness of the lower Portage, Ithaca and upper Portage 
in the vicinity of Ithaca, consequently the position of the Oneonta formation 
is nearly in line with the upper Portage of the Ithaca section, and the 
Portage sandstones of the Naples and Genesee sections. Clarke has advanced 
this correlation and stated “that these Oneonta beds (including the barren 
grey sands and flags lying beneath the red and green shales and sands) are 
the eastern representative of the upper sandstones and flags originally desig- 
nated by Professor Hall as the ‘ Portage sandstones,’ and are hence the sedi- 


v1 


mentary equivalent of the typical Portage. 


Oxford. 


Along the Chenango river valley to the southwest of Norwich is Oxford 
township. Except along the immediate valley of the Chenango river in the 
northern part of the township where the Ithaca formation oecurs and in the 
southeastern part where the Chemung is found, the township is covered by 
rocks of the Oneonta formation, and its geology was so fully described by 
Professor Clarke in the Thirteenth Annual Report, that little remains to 
be said. 

XLII A’. The farthest south that the Ithaca formation was noticed, is 
a characteristic outcrop of shales containing plenty of fossils along the side 
of Fly Meadow creek, near the highway one and one-half miles northeast of 
Oxford village. 

XLII B&B. Nearly three miles northeast of Oxford village in the north- 
eastern corner of the township is Lyon brook, across which is the noted 
Lyon brook bridge of the New York, Ontario and Western railroad. The 
bridge is 161 feet above the bed of the stream, and has an altitude of 1,197 
feet A. T. In the bed of the brook beneath the bridge, as well as north of 
the highway to the east of the bridge, are bluish shales, in which a few 
rather poorly preserved fossils occur. Small lamellibranchs are the most 
common. This locality was studied by Dr. C. E. Beecher, Dr. J. W. Hall, 
and Mr, C. E. Hall, who reported “ Spirifer mesastrialis, Paracyclas lirata, 
and Palwoneilo muta” from these shales, which were stated to be “ below the 
red shales which occur about two hundred feet higher in the series.”? This 
outcrop is in the upper part of the fossiliferous portion of the Ithaca forma. 
tion. On the south side of the brook and about sixty feet higher, a quarry 


1 Thirteenth Annual Report State Geologist [New York], p. 557. See also similar statement near the middle of p. 555 and the 
section on p. 556 is 
2 Fifth Annual Report State Geologist [New York], 1886. p. 11 ; see page 4 for credit. 
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in bluish-grey to buff sandstones was opened by Mr. Burns, but the stone did 
not prove valuable. 

XLI £4*, Still higher than the Burns quarry is one that was opened 
during the construction of the railroad and furnished stone for the abutments 
of the bridge. At the bottom of the railroad quarry are grey sandstones, 
then red sandstones that are capped by red shale. The red rocks are about 
thirty feet below the railroad, track, or 1,167 feet A. T.. If these reds corre- 
spond to the lowest reds in the hill west of Norwich, and they seem to have 
that position, then they will give the dip along almost a direct north and 
south line. The red shales west of Norwich are 1,476 feet A. T., and the 
distance between the two places four and eight-tenths miles, giving us a dip 
to the south of 64* feet per mile. 

To the south of the bridge there are railroad cuts through coarse-grained, 
greenish-grey sandstones, alternating with red shales, which show clearly 
enough that these rocks are in the Oneonta formation. In these shales 
specimens of a fern—Archwopteris sp—were found. Farther south, near the 
middle of a cut through the coarse grey sandstone, just north of the 218th 
New York mile post, are numerous fragments of plants, among which is 
Lepidodendron Gaspianum, Dn. In the same cut, specimens of the character. 
istic fossil of the Oneonta sandstone, Amnigenia Catskillensis (Van.), Hall, 
oceur, and an unusually good specimen of Holonema rugosa (Claypole), Newb., 
was found. This specimen of a fossil fish has been described by Professors 
H. 8. Willams,’ Claypole® and Cope,’ while the last edition of Dana’s. Manual 
of Geology contains a figure showing the restored ventral plates of the 
species. In addition to the above species, Leptodesma Rogersi, Hall, was 
reported, probably from this cut. : 

ALI (. A railroad cut on the New York, Ontario and Western railroad, 
about two and one-half miles southeast of the Oxford station and one-quarter 
of a mile north of the 214th New York mile post. The cut is through red 
and greenish shales, alternating with thin grey sandstones. ‘The dip is at least 
sixty feet to the mile, twenty degrees west of south. A layer of the nature 
of a conglomerate, containing an occasional quartz pebble, was noticed. 
Fucoidal markings occur in the grey sandstones, while in thin layers quite 
a number of fossil shells are preserved. The following species from this cut 
are listed in the Fifth Annual Report of the New York State Geologist: 


1 Proceedings American Association Advancement of Science, Vol. XXXIX., p. 337. 
2 American Geologist, Vol. VI., pp. 255-257. 

3 Proceedings United States National Museum, Vol. XIV., p. 456. 

4 Fourth edition, 1895, fig. 963 on p. 616; see also p. 618. 

5 Fifth Annual Report State Geologist [New York], p. 11, 2d paragraph. 
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“ Macrodon Hamiltonie, Actinopteria Boydi (2), Actinopteria sp. (2), Modio- 
morpha subalata (2), Leptodesma sp., Strophodonta perplana.”* The altitude 
of this cut, taken from the profile of the New York, Ontario and Western 
railroad, is approximately 1,560 feet A. T. This locality is three and one-half 
miles west of south of Lyon brook bridge, and the difference in altitude 
between the base of the red shale and this. cut is 348 feet. If the dip for 
the distance is sixty feet per mile, then the thickness of the rocks is 558 feet, 
all of which may be regarded as belonging in the Oneonta formation. 

XII C*. One-fourth mile southeast of Summit station, or five miles 
from Oxford station, is another railroad cut, through greenish and olive shales 
and sandstones, which reveals a thick concretionary stratum. Fossils are not 
uncommon in these rocks, the most abundant species being Atrypa reticularis 
(Lin.), Dal. while “ Productella hirsuta, Spirifer mesacostalis, and other 
species ” have been reported.*. From the railroad profile the altitude is 1,616 
feet A. T., or fifty-six feet higher than the cut at C’, which is probably near 
the top of the Oneonta formation, for at C? no red or coarse greenish-grey 
rocks were seen, and the Summit beds have been referred to the “ Lower 
Chemung group.”? 

The extensive stone quarries of the F. G. Clark Company, at Oxford, in 
which specimens of Amnigenia Catskillensis have been found, and the Miller 
quarry at South Oxford are both in the Oneonta formation, and were fully 
described by Clarke in the Thirteenth Annual Report, to which the reader 
is referred for an account of the excellent flagging stones of this formation.‘ 
The picture of the Clark quarry shows the massive character of this 


sandstone. 
Greene. 


To the southwest of Oxford is the township of Greene, which is crossea 
diagonally from the northeast to the southwest by the Chenango river. The 
Oneonta formation follows the river valley as far south as the village of 
Greene, but the remaining and greater portion of the township is covered by 
rocks which, on the new Geological Map of New York, are placed in the 
Chemung formation. The northern half of this township was fully described 
by Clarke,> who referred the greenish fossiliferous shales and sandstones 
overlying the Oneonta formation to the Chemung. Southeast of Greene 


1 Loe. cit., p. 11, 3d paragraph. 

+ Ibid., p. 11, 4th paragraph. 

3 Ibid., and compare the section at the bottom of the page 

4 Ibid., pp. 539-542. 

5 Thirteenth Annual Report State Geologist [New York], pp. 542-546. 
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village is Juliand hill, whose summit is some 300 feet above the river level, 
and whose upper half is mainly composed of greenish argillaceous shales. 
Clarke, in describmg this hill, stated that “fossils are abundant throughout 
these shales, and are of typical Chemung expression, viz: 

Atrypa reticularis, large, ragose ; common. 

Orthis impressa, large form; abundant. 

Liorhynchus globuliformis, common. 

_ Sporifer mesacostalis, 

Productella lachrymosa. 

Stropheodonta perplana var. nervosa. 

Cryptonella, sp." 

In the lower part of the greenish or Chemung rocks, near the north- 
western corner of the corporation of Greene village, is a sandstone containing 
coarse quartz pebbles which, some years ago, the writer designated as the 
Greene conglomerate. This stratum contains fragments of fossil fish, as stated 
by Clarke, who writes that the lower part “contains Holonema cf. rugosa, 
Claypole, undetermined plates, scales and teeth.”* In the same exposure, but 
a little higher, Clarke noted “fish remains common,” and “ Jingula ef. Cuya- 
hoga, Leptodesma cf. sociale (single specimen)” To the southwest of the 
village is the old Cameron quarry. The lowest rocks of this quarry contain 
scarcely any fossils except Zentaculites sp. and large Crinoid segments, while 
the shaly layers of the upper part of the exposure contain fossils, but of only 
a few species. This quarry was described by Vanuxem, who stated that it 


> and referred it to the 


was the “ only opening noticed in the hills at Greene,’ 
Chemung group.* 

XXXVI A. In the extreme southwestern corner of Greene township 
are the villages of Wilhards and Chenango Forks. On the hillside west of the 
Utiea division of the Delaware, Lackawanna and Western railroad, between 
Chenango Forks and Williards, is an old quarry that was opened during the 
construction of the Chenango canal and is not worked at present, the base of 
which is about sixty-three feet above the railroad track. The rocks consist 
of blue, argillaceous, thin or shaly sandstones, separated by blue shales, all of 
which weather to an olive tint. 

Fossils are common in most of the rock and abundant in layers. Pro- 
ductella lachrymosa (Con.), Hall; Spirifer mucronatus (Con.), Bill, var. 


1 Thirteenth Annual Report State Geologist [New York], p. 543. 
2 Toid., p. 545. 

3 Thid. 

+ Geology of New York, Part III., 1842, p. 293. 
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posterus, Hall and Clarke; Orthis impressa, Hall, and Crinoid segments are 
the most abundant species. The complete list is: 
1. Orthis impressa, Hall. (aa) 
Large form as reported by Clarke from southeast of Greene 
(Thirteenth Annual Report, p. 548). 
2. Productella lachrymosa (Con.), Hall. (aa) 
Probably some of these specimens should be ef. P. spectosa of 
Ithaca, but the pustules are coarser than in this species. So 
identified by Clarke in Thirteenth Annual Report, p. 543. 
38. Spirifer mucronatus (Con.), Bill., var. posterws, Hall and Clarke. (aa) 
Many of these specimens agree exactly with the figures of the 
mucronate forms of this species. These are undoubtedly the 
same as those from Chenango identified as Sp. mucronatus var. by 
Professor H. 8. Williams and figured in Bulletin Geological 
Society of America Vol. I, pl. 12, f. 13. 
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4. Spirifer mesacostalis, Hall (?). (rr) 
5. Lnorhynchus globuliformis (Van.), Hall. — - (c) 
6. Atrypa reticularis (Lin.), Dal. (r) 
7. Eehynchonella (Pugnax) pugnus (Martin), Dav. (r) 
Specimens rather small and poorly preserved, but pretty clearly 

of this species. 
8. Cyrtina Hamiltonensis, Hall. (rr) 
9. Stropheodonta demissa (Con.), Hall. (rr) 
10. Paleoneilo filosa (Con.), Hall. (c) 
11. Paleoneilo cf. constricta (Con.), Hall. (rr) 
One specimen better preserved approaches this species in mark- 

ings and form. 
12. Mytilarca carinata, Hall (2). (rr) 
13. Schizodus cf. appressus (Con.), Hall. (r) 
The specimens are nearer to figure 8, plate 75 (Palaeontology of 
New York, Vol. V., Part L.), of the above species than to any other 

form. 

14. Lyriopecten cf. tricostatus (Van.), Hall. (rr) 


A left valve that agrees quite well in its plications with 
LI. macrodontus H. of the Hamilton. 
15. Actinopteria Boydi (Con.), Hall (2). (ar) 
Crushed, but much like this species. 
16. Crinoid segments. (a) 
The Chenango Forks railroad station is at 901 feet, which makes the altitude 
of the quarry approximately 964 feet A. T. 


XXXVI A*. Near the top of the hill above A’ are loose blocks of stone 
containing plenty of specimens of Liorhynchus globuliformis (Van.), Hall, and 
Lhynchonella (Camarotechia) Stevensi, Hall, which are probably from the 
next fauna above that of the lower exposures at Chenango Forks. The 
following species were noted in these loose blocks: 

1. Liorhynchus globuliformis (Van.), Hall. (c) 

2. Rhynchonella (Camarotechia) Stevensi (Hall), Hall and Clarke. — (¢) 

3. Rhynchonella (Camarotechia) eximia (Hall), Hall and Clarke. (c) 

It is probable that these specimens should be carefully com- 
pared with 2. congregata (Con.), Hall, of the Hamilton, which 
seems to be a closely allied species. 
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or 


1 


4. Lyriopecten tricostatus (Van.), Hall (2). (rr) 
The plications are of three sizes, giving the shell the surface 
ornamentation of this species. 
5. Palwoneitlo, sp. (r) 
Very poorly preserved. 
6 Actinopteria cf. Theta, Hall. (rr) 
Imperfectly preserved, but like figure 19, plate 84 (Palaeontology 
of New York, Joc. cit.) of this species. 
This hill forms the divide between the Chenango and Tioughnioga rivers 
above their junction, and its top is about two hundred and sixty-five feet 


above the railroad. 


Fenton and Chenango. 


Greene is the southwestern township of Chenango county. “To the south 
is Fenton township, Broome county, which is on the eastern side of the 
Chenango river, and on the western side of the river is Chenango township. 

In the southern part of Fenton township is the small village of Port 
Crane, formerly a port on the Chenango canal, but now reached by the 
Susquehanna division of the Delaware and Hudson railroad, the station of 
which is on the hill side, considerably higher than the village. The geology 
of this region was a puzzle to Vanuxem, on account of the presence here of 
Hamilton species. In describing the Chemung group, Vanuxem referred 
to this difficulty and said: “These rocks appear [at Port Crane], having 
similar fossils to those of the lower rocks which are quarried around the 
village of Norwich, and those exposed in the sides of the brook to the west 
of the village of Oneonta. There are three fossils at these localities also, 
which are the same with those of the Hamilton group, the Posidonia lirata 
| Paracyclas lirata (Con.), Hall], Strophomena carinata | Zropidoleptus cari- 
natus (Con.), Hall], and Atrypa plebeia | this is not recognized]; showing 
that localities existed which favored the continuance of certain species long 
after their total destruction in others; a subject which requires thorough 
investigation, and without which the value of fossils as.a character will not 


"1 Also, in describing the geology 


be as deservedly esteemed as they should. 
of Broome county, Vanuxem mentioned the same difficulty and wrote: 
“Phere are several openings in the hillside at Port Crane, not far from the 
level of the canal, where some of the same fossils which exist at the quarries 


near Norwich, and near the canal also, are found. These fossils belong to 


1 Geology of New York, Part III., p. 180. 
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the Hamilton group and, unless they have a high range, which I am disposed 
to believe, would bring the Hamilton and the Chemung groups together in 
two or more localities. They are anomalies which further observations are 


required to explain or remove.”? 


Vanuxem’s difficulty in reference to the 
range of certain species in the vicinity of Port Crane and the bearing of the 
above quotations will be appreciated after a description of the rocks exposed 
near that village. At this locality the Chenango river makes a decided bend 
to the west. On the eastern side of the river is a very steep hill and on the 


western side a lower one. 


XIII A*, About a mile north of Port Crane exposures were found 
from near the level of the canal extending for a considerable distance up the 
hill. In the lowest rocks the following species were collected : 

. Liorhynchus globuliformis, (Van.), Hall. 

. (2) Lingula spatulata, Hall. 

. Sphenotus rigidus (White and Whitfield), Hall (2). 
. Nucula corbuliformis, Hall (2). 

. (2) Goniophora, sp. 


OU OS ho: 


In an old quarry near the village, C', quite an extensive fauna was 

secured, as is shown by the following list: 

1. Phynchonella (Camarotachia) eximia, Hall. 

2. Spurifer, (2). 

See S. mesacostalis with middle septum; H. 8. W. 
. Sptrifer sculptilis, Hall (?). 
. Spirifer granulosus (Con.), Hall and Clarke. 
. Chonetes setigera, Hall. 
. Chonetes scitula, Hall (?). 

Wider forms than the common one, ( setigera, H. 
7. Ambocelia umbonata (Con.), Hall. 

Possibly this may be A. wnbonata var. gregaria, H. 

8. Liopteria DeKayi, Hall (2). 


There are two specimens and they are doubtfully referred to 


oS OF KR © 


the above species. 
9. Liopteria, sp. (small specimen). 
10. Grammysia nodocostata, Hall. 
11. Grammysia subarcuata, Hall. 


1 Geology of New York, Part III., pp. 294-295. 


13. 
14. 
15. 
16. 
lrg 
18. 
1o: 
20. 
21. 
22. 
23. 
24. 
25. 
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. Modiomorpha mytiloides (Con.), Hall. 


Two specimens are rather short, in this respect resembling J. 
alta (Con.), H., but their umbonal slope is not sharp enough for 
that species. Another specimen is much elongated and very 
ventricose along the region of the umbonal slope. 

Modiomorpha macilenta, Hall (2). 
Microdon (Cypricardella) bellistriatus, Con. 
Paleoneilo plana, Hall. 

Leptodesma, sp. 

Small lamellibranch shell, possibly Modiomorpha. 
Goniophora, sp. 

Sphenotus, sp. 

Coleolus tenuicinctum, Hall. 

Bellerophon, sp. 

Cyclonema multilira, Hall. 

Loxonema Hamiltonie, Hall. 
Pleurotomaria Itys, Wall. 

Orthoceras, sp. (fragments). 


XLIIT '. About one and one-half miles southwest of Port Crane a 
section was made extending from the canal level to the top of the high hill. 


At the base of the hill, only a few feet above the river and canal level, are 


olive, argillaceous shales in which fossils are rare, Spirifer mesastrialis, Hall, 


and Lhynchonella (Camarotechia) Stevensi, Hall (2), being the most common 


species. 


ne 


to 


The complete list is: 
Spirifer mesastrialis, Hall. (c) 
Mostly broken specimens, but they show clearly the fine striae 
on the plications and sinus. 


Spirifer mesacostalis, Hall. (rr) 

The type of S. acwninata, Hall, 1843. Another specimen seemed 
to be similar, but it has very fine striae on the plications, like 
S. mesastrialis. 

Tropidolepius carinatus (Con.), Hall. (rr) 


Lhynchonella (Camarotechia), Stevensi (H.), H. and C. (ce) 


. Chonetes setigera, Hall (?). (rr) 
Imperfectly preserved, with thirty to forty striae. 
. Modiomorpha subalata (Con.), Hall, var. Chemungensis, 


Hall (?). (rr) 
Not clearly preserved. 
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7. Paleonetlo brevis, Hall (2). (rr) 
8. Palwoneilo plana, Hall (2). (7r) 
9. Schizodus cf. appressus (Con.), Hall. (rr) 


In form similar to figure 8, of plate LXXV (Palaeontology of 
New York, doc. cit.), which is described as “a small right valve of 
rotund form.” 

AXLIT b°. About eighty feet above the river level on the very steep 
hillside is a small excavation in bluish shales and shaly sandstones. Fossils 
are somewhat abundant, the most common species being J/icrodon (Cypri- 
cardella) complanatus, Hall, and Palwoneilo constricta, (Con.), Hall. The 
following species were obtained : 


1. Spirifer mesastrialis, Hall. (rr) 
2. Microdon (Cypricardeila) complanatus, Hall. (a) 
3. Microdon (Cypricardella) gregarius, Hall. Bae ust 
4. Palwoneilo constricta (Con.), Hall. (c) 

The specimens are external impressions of poorly preserved 
shells, but they agree closely in form and general appearance with 
figure 1 of this, species on plate XLVIII (Palaeontology of New 
York, oc. cit.). 

5. Nucula corbuliformis, Hall. (rr) 

Form and proportions agree well with those of this species. 

6. Paracyclas (¢) pauper, Hall (4). (r) 

The specimens are not sufficiently well preserved to show much 
of the markings, but they seem to agree more nearly with the 
figures of this species than with those of any other, 

7. Palewoneilo plana, Hall. (rr) 
8. Bellerophon, sp. ar) 

This may be compared with L. Mera, H., of the Chemung, but 
it is so poorly preserved that it is difficult to determine. 

9. Fragment of Bryozoa. (rr) 
10. (4) Admondia, sp. (rr) 


XLII L*. In the slope somewhat above the quarry in bluish shaly 
sandstones, fossils are common, as the list indicates : 
1. Tropidoleptus carinatus (Con.), Hall. (r) 
2. Rhyncnonella (Camarotachia) eximia (H.), Hall and Clarke. (a) 
See 2. Stevensi (H.), H. and C. The smaller specimens have 
proportions nearer those of 72. ewimia, while the larger are more 
like 2. Stevensi. 
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3. Spirifer mesacostalis, Hall. (c) 

One ventral impression distinctly shows the median plication 
which is supposed to define this species. Another specimen is 
almost the same as figure 3, plate XL, Pal. [V., except that it shows 
a distinct sinus on the fold. This form was originally described as 
S. acuminata which, in Vol. VIIL, IL. is, stated to be probably 
S. mucronatus (Con.), Bill. var. posterus, H. and C. It it pos- 
sible that some of these specimens belong to this species, but they 
all clearly show a sinus on the fold, or fold in the sinus, which is 
characteristic of S. mesacostalis. 


4. Ambocalia wmbonata (Con.), Hall. (c) 
5. Chonetes setigera, Hall (2). () 
6. Microdon (Cypricardella) gregarius, Hall. (c) 


XLI B‘, Exposures in the cuts along the Delaware and Hudson 
railroad, 175 feet above the river level. The rocks are mostly olive shales, 
but there are some of a bluish color that are iron stained and these contain 
most of the fossils; interbedded are thin shaly sandstones. /thynchonella 
(Camarotechia) Stevensi, Hall; Spirifer mesacostalis, Hall, and Microdon 
(Cypricardella) gregarius, Hall, are the most common species. The list is as 
follows: 

1. Rhynchonella (Camarotechia) Stevens (H.), Hall and Clarke. (a) 

Some of the specimens may be compared with L. eximia (H.), 
H. and C., as they are broad and similar in outline. 


bo 


Spirifer mesacostalis, Hall. (a) 
The impressions of two ventral valves show very distinctly the 
median septum in the sinus. 
3. Spirifer mesastrialis, Hall (?). (ar) 
A large specimen with twenty or more plications on each side 


of the sinus. 


4 Amboceelia wumbonata (Con.), Hall. (rr) 
5. Chonetes setigera, Wall. (rr) 
6. Microdon (Cypricardella) gregarius, Hall. (2) 
7. Microdon (Cypricardella) complanatus, Hall (?). (1) 


A few specimens are not dissimilar to figure 28, plate LXXIII 
(Palaeontology of New York, Joc. cit.), of M. tenwistriata and 
perhaps should be referred to that species. 

8. Orthoceras, sp. (fragments). (rr) 
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9. Leptodesma ct. sociale, Hall. (rr) 
The specimens do not show the strong concentric markings of 
this species, but fine striae as in Z. Fogers?, Hall, to which species 
perhaps they should be referred. The form is similar to that of 
the small specimens of LZ. Rogersi or L. sociale. 

XLII B*. By the roadside at the top of the hill above the railroad 
are thin, very much weathered sandstones that contain fossils. The following 
were collected : 

1. Spirifer mesastrialis, Hall. 

2. Spirifer disjunctus, Sowerby. 

3. (2) Aviculopecten, sp. 

4. Orinoid segments. 

This is the first place in the Chenango valley where Spirifer disjunctus 
was found, and the occurrence of this characteristic Chemung fossil conclu- 
sively proves that the rocks near the top of the high hill south of Port Crane 
are in the Chemung formation. 

B®. On top of the high hill along the second road south of the river, 
and about two miles south of Port Crane, are thin sandstones in which 
Spirifer mesastrialis, Hall, is abundant. There is only a slight exposure by 
the roadside, but the following species were collected : 


1. Spirifer mesastrialis, Hall. (a) 
2, Mytilarca carinata, Hall. (ar) 
3. Paleoneilo, sp. (rr) 


An elongated specimen which is narrower than any of the 
figured forms. 

4. (2) Schizodus, sp. (2r) 

5. Crinoid segments. (a) 

This fauna is about 590 feet above the river level or with an approximate 
altitude of 1,440 feet A. T., and it is in the highest rocks found in the vicinity 
of Port Crane. 

NXLIIIT A. Two miles east of Port Crane is Osborne Hollow, in the 
western part of Colesville township. The railroad station is 1,115 feet A. T. 
The country about this place is gently rolling, with few extensive rock 
exposures. The species in the following list were obtained from an outcrop 
along the brook near the village: 

1. Modiomorpha, sp. 

2. Leptodesma, sp. 

3. Microdon (Cypricardella) bellistriatus, Con., var. 
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4. Spiriter mesacostalis, Hall (2). 
5. Spirifer mesastrialis, Hall. 
6. Lehynchonella (Camarotechia) Stevensi, Hall. 
7. Productella, sp. 
8. Palwoneilo constricta (Con.), Hall (¢). 
9. Paleoneilo plana, Hall (2). 
10. (2?) Paleonezilo, sp. 
11. Schizodus gregarius, Hall. 
12. Nuculites, sp. 
13. Liopteria Rafinesquit, Hall. 
14 Liopteria Bigsbyi, Hall. 
15. Grammysia bisulcata (Con.), Hall. 
16. Goniophora Chemungensis (Van.), Hall. 
17. (2) Sphenotus, sp. 
18. Chonetes scitula, Hall (?). 
19. Chonetes setigera, Hall. 


bo 
i=) 


. Chonetes, sp. 


=r 


. Crinord stem and segments. 
. Plant stems. 


bo bo to 
bo 


oo 


. Platyceras. 
. Coral remains 
XIIIT B. Some years ago three shafts were sunk to quite a depth, 


bo 
ne 


near the village, in search of galena. From the rocks remaining on the dump 
heaps of these shafts the species enumerated below were collected : 
1. Tropidoleptus carinatus (Con.), Hall. 
2. (2?) Rhynchonella, sp 
3, Bryozoa. 
4. Phynchonella (Camarotachia) Stevensi, Hall. 
5. Spirifer mesacostalis, Hall (?). 
6. Grammysia bisulcata (Con.), Hall. 
7. Nucula, sp. 
8. Sphenotus, sp. 
9. Liopteria, sp. 
10. Chonetes scitula, Hall (#). 
11. Leptodesma, sp. 
12. Mierodon (Cypricardella) gregarius, Hall. 
13. Paleoneilo, sp. 
14. (2?) Goniophora Chemungensis (Van.), Hall. 
11 
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Loxonema delphicola, Hall. 
Crinoid segments. 
Fragments of fish bones like Holonema rugosa (Claypole), Newb. 


XLII 1". On the hillside west of the Chenango river, opposite Port 


Crane, is an old quarry that was opened during the construction of the 


Chenango canal. It is in the eastern part of Chenango township, and the 


bottom is some seventy-five or more feet above the river. The wall of the 


quarry shows fifteen feet of bluish shales and shaly sandstones that weather 


to an olive color. Some of the thin sandstones and slightly calcareous layers 


contain fossils abundantly, especially /2hynchonella (Camarotachia) Stevensi, 
Hall, and 7Z/opidoleptus carinatus (Con.), Hall. The species in the list were 
gathered in one half hour: 


I: 


Tropidoleptus carinatus (Con.), Hall. (aa) 


Typical specimens of this species such as oceur in the Hamilton. 


2. LRhynchonella (Camarotechia) Stevenst (H.), Hall and Clarke (2). (aa) 


o> 


Im: 
tis 


The ventral valves of a number of specimens show clearly the 
dental lamellee described in this species, and the dorsal’ valves, the 
septum about one-third the length of the shell. However, the 
plications are less than given for this species, and in form many of 
them are about the same as /. eximia with which they must be 


compared. 
Chonetes scitula, Hall. (ar) 
One specimen shows over fifty striae and is clearly of the form 
of this species. 
Orthonota (2) parvula, Hall. (7) 
Microdon (Cypricardella) gregarius, Hall. (c) 
Pualeoneilo plana, Hall (2). (rr) 
Goniophora, cf. Chemungensis, (Van.), Hall. (r) 
Grammysia elliptica, Hall (2). (rr) 
Impertfectly preserved. 
Grammysia circularis, Hall. (rr) 
The posterior portion of the shell is not complete, but in all the 
characters preserved it agrees well with this species, 
Crinoid stems and segments. (c) 
Liopteria De Kay, Hall (?). (c) 


The specimens resemble quite closely figure 6, plate LXX XVIII 
(Pal., N. Y.), which is a large specimen from Schoharie county, 
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XIII #'. Along the bank of the Chenango river, about two and one- 
half miles below Chenango Forks and opposite Kattle Hill, are quite fossil- 
iferous shales. There is one layer that is quite calcareous, forming a “fire 
stone,” which contained these species : 

1. Spirifer mesacostalis, Hall (?). 

2. Productella speciosa, Hall (Ithaca variety). 

3. Phynchonella (Pugnax) pugnus (Martin), Davy. 
4. Liorhynchus globuliformis (Van.), Hall. 

5. Cyrtina Hamiltonensis, Hall. 

6. Orama (Craniella) Hamiltonie, Hall (2). 

The shales contained the succeeding : 

1. Orthis (Schizophoria) impressa, Hall. 
2. Liorhynchus globuliformis, (Van.), Hall. 
. Spirifer mesacostalis, Hall (2). 
4, Stropheodonta demissa (Con.), Hall. 
5. Lehynchonella (Camarotechia) Stevensi, Hall. 
6. Productella speciosa, Hall. 
7. Palwoneilo constricta (Con.), Hall (?). 


icy) 


8. Lyriopecten tricostatus (Van.), Hall. 
9. Microdon (Cypricardella) bellistriatus, Con. (?). 

10. Sphenotus, sp. 

Liorhynchus globuliformis (Van.), Hali, is the most abundant species in 
both of the preceding lists. 

XLIT E*. Two miles below Chenango Forks is a long cut on the 
Delaware, Lackawanna and Western railroad, furnishing a good locality to 
study the Liorhynchus globuliformis fauna. The rocks are principally 
sandstones and shales which, on weathering, are of an olive color. Above the 
railroad cut is the highway along the steep eastern face of Kattle Hill, where 
the rocks are not very fossiliferous except in thin layers. These layers are 
somewhat calcareous, often at the bottom of a four to six inch sandstone, and 
contain a mass of fossils, principally Liorhynchus globuliformis (Van.), Hall, 
mixed with a few other species. This Liorhynchus, under the name of 
Atrypa globuliformis, was figured by Vanuxem, who said: “This cast is 
given, because it exists in myriads as such in this group [the Chemung], 
numerous localities abounding in it.”* Professor H.S. Williams has termed 
this horizon “the Liorhynchus globuliformis stage” of the faunas succeeding 
the Oneonta formation in the Chenango valley.’ 


1 Geology of New York, Part IIL, p. 182 See fig. 2 of No. 49 on same page. 
2 Proceedings American Association Advancement of Science, Vol. XXXIV., 1886, p. 226. 
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To indicate the base of the Chemung formation across Chenango and 
Otsego counties is a matter of some difficulty. There is a difference of 
opinion among working geologists as to where it occurs in this region, and 
possibly as yet insufficient study has been given to these higher rocks to 
enable the determination of this point. Vanuxem’s interpretation of this 
region. is of little value on account of his failure to separate the Oneonta 
from the Catskill formation, as will be seen by reference to the Geological 
Map of the State of New York, of 1842. Professor James Hall has given 
careful attention to the classification of these rocks and mentioned them in 
numerous publications, among which might be cited his paper before the 
National Academy of Sciences, in which he clearly stated his interpretation 
when he said: “The fossiliferous beds of the Chemung are found lying upon 
that formation [the Oneonta] between Norwich and Oneonta, and to the east 
of Sidney Plains, and at or near Franklin, where they apparently pass 
beneath the great red sandstone formation of the Catskills.”! Professor 
Henry 8. Williams placed the base of the Chemung considerably higher, 
beginning above the TZropidoleptus carinatus fauna near Port Crane, 
apparently with the Spir7fer mesastrialis zone well toward the top of the 
hill south of Port Crane. Mr. Darton evidently followed Professor Hall’s 
classification and stated that: “From Franklin, westward, the Oneonta- 
Chemung boundary is clearly marked by the abrupt change from red beds to 
grey shales and soft sandstones.”* Finally, Professor Clarke, as a result of 
his studies in the vicinity of Greene, concluded that the fossils in the shales 
and sandstones overlying the Oneonta formation “are of typical Chemung 
expression,” * and consequently referred the rocks to the Chemung formation. 

Professor Williams described the lowest Chemung fauna of the Cayuge 
lake meridian as found on the high hill south of Ithaca in Danby township 
in the southern part of Tompkins county “stratigraphically 1,300 feet or 
more above the Genesee shale.”® The following fauna from this locality is 
given by Professor Williams: 

“ Productella lachrymosa, 

Ambocelia umbonata var. gregaria, 

Orthis impressa (second variety, wide and large), 

Atrypa reticularis, 

and a few other imperfect fossils.” ° 


1 Science (old series), Vol. I., Dec. 11, 1880, p. 290. 

2 Proceedings American Association Advancement of Science, Vol. XXXIV., section IX. of Chart. 
3 American Journal of Science, third series, Vol. XLV., 1898, p. 207. 

4Thirteenth Annual Report State Geologist [New York] , p. 543; also see section on p. 556. 

5 Bulletin United States Geological Survey, No. 3, 1884, p. 21. 

6 Tbid., p. 21. 
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It will be noticed that in the above fauna Spirifer disjunctus, Sow., is 
not reported; but above the fauna just cited occur shales that contain a fauna 
“very similar to that in the dark shale at the base of the Ithaca group, but 


mingled with other species. * * * 


The most northern exposure, at which 
the typical Chemung fauna was found in abundance, was high up in the hills 
in the northeastern part of Chemung county, near Park station,”! and at this 
place Spirifer disjunctus, Sow., and Orthis Tioga, Hall, were found, some 
300 or 400 feet stratigraphically above the lowest fauna in Danby. 

On comparing the list of fossils reported by Professor Williams from the 
lowest Chemung in Danby? with the list given by Professor Clarke for 
Greene,® or the fauna reported in this paper from Chenango Forks, it will be 
seen that all the species listed by Professor Williams from Danby, except 
Ambocelia umbonata var. gregaria, occur in these localities in Chenango 
county. Again it will be found that the thickness of the formations from the 
top of the Genesee slates to the base of the fauna overlying the Oneonta of 
the Chenango valley, and the similar fauna above the Upper Portage of the 
Cayuga lake region is about the same. Professor Williams reports it as 
“1,300 feet or more” * for Tompkins county, and in the Chenango valley it is 
fully 1,300 feet from the top of the Hamilton to the base of the fauna imme- 
diately above the Oneonta formation. Finally Professor Williams described 
a fauna containing Zropidoleptus carinatus near Owego’ at about the same 
altitude as the Zropidoleptus carinatus zone near Port Crane, which is in the 
midst of a typical Chemung fauna, at least 200 feet above the first occurrence 
of Spirifer disjunctus, Sow. It is thought that possibly the Owego zone of 
Tropidoleptus represents the same general part of the section as that at Port 
Crane, except that the Zropidoleptus fauna is being replaced by the regular 
Chemung fauna near Owego, consequently it is not so conspicuous as in the 
sections farther east. 

After reviewing the results obtained by different investigators of this 
problem of the separation of the Chemung and Portage and the Chemung 
and Oneonta formations in the central part of southern New York, the facts 
seem to justify the conclusion that the Chemung begins with the Orthis 
impressa fauna overlying the Oneonta formation. 

The thickness of the formations composing the Chenango valley section, 
ranging from the base of the Marcellus shale in Sangerfield township, Oneida 


1 Bulletin United States Geological Survey, No. 3, 1884, p. 22. 
2 Tbid., p. 21. 

3 Thirteenth Annual Report State Geologist [New York], p. 548. 
4 Bulletin United States Geological Survey, No. 3, p. 21. 

5 Ibid., p. 24. ; 
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county, up into the Chemung on top of the high hill in Fenton and Kirkwood 
townships, Broome county, to the northeast of Binghamton, is approximately 
as follows: estimating the dip for the northern part of the Chenango valley 
to be sixty feet to the mile, we would have a thickness of about 1,500 feet for 
the Marcellus and Hamilton formations. To the east of Smyrna there are, 
perhaps, twenty-five feet representing the Tully limestone and Genesee slate. 
The Sherburne formation is 250 feet, the Ithaca 500 feet, or more, and the 
Oneonta 550 feet thick; while for the Chemung from Greene to the top of 
the hill south of Port Crane, calling the dip 60 feet per mile, there are 1,225 
feet, which result agrees quite well with the record of the well drilled at 
Binghamton." 

The thickness of these formations may be more clearly and concisely 
expressed in tabular form, as shown on the accompanying generalized section 


of the Chenango valley. 


Tur Unapmia Vaniry S&crron,. 


The courses of the Chenango and the first river to the east, the Unadilla, 
are approximately parallel, and are, on the average, ten miles apart. For a 
considerable distance the Unadilla river serves as the dividing line between 
Chenango and Otsego counties. The general topographic features of the 
two valleys are very similar, and they cross the same formations. 


Columbus. 


Columbus is the northeastern township of Chenango county, being 
directly east of Sherburne, south of Brookfield, Madison county, and sepa- 
rated by the Unadilla river on the east from: Edmeston, Otsego county, 
In describing the exposures of this township, we begin with those directly 
east of the outcrops described near Harrisville, Sherburne township and, con- 
tinuing eastward, follow somewhat closely the line of separation between 
the Hamilton and Sherburne formations. 

ATX LS. East of Harrisville, along the main road from Sherburne to 
Columbus, are occasional outcrops. By the roadside, on the divide at the 
head of Mad brook, are shaly layers containing fossils; Léorhynchus mesa- 
costalis, Hall, being abundant, while Productella speciosa, Hall (?), and 
Oyrtina Hamiltonensis, Hall, are common. The locality is just east of the 
Sherburne and Columbus township line, about two miles east of Harrisville, 
and barometrically 485 feet higher than the lower reservoir dam at Harris- 


1 Bulletin Geological Society of America, Vol. IV , pp. 98, 94. 
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ville, or approximately 725 feet above the railroad level in Sherburne village, 
which makes its altitude about 1,767 feet A. T. This outcrop belongs in the 
Ithaca formation. A rather hasty search revealed the following fossils : 


1. Liorhynchus mesacostalis, Hall. (a) 
2. Spirifer granulosus (Con.), Hall (2). (rr) 
3. Spirifer, probably Sp. mucronatus (Con.), Bill. (vr) 
4. Cyrtina Hamiltonensis, Hall. (c) 
5. Chonetes scitula, Hall. (rr) 
6. Productella speciosa, Hall (?). (c) 
Very similar to specimens identified as this species at Ithaca. 
7. Nucula corbuliformis, Hall. (rr) 


XIX J”, At the corner of the second east and west road, north of the 
Sherburne and Columbus turnpike, and one and one-half miles northwest of 
XIX BS, is the head of the northeast branch of Mad brook. Beginning 
immediately below the road, and appearing at intervals down the brook, are 
blackish shales containing abundant fossils. An anticlinal roll crosses the 
brook some distance below the road. These shales are on the Andrews farm, 
two miles northeast of the Sherburne reservoir at Harrisville, and the upper 
part of them is some 590 feet above the railroad at Sherburne. The abundant 
fossils are all Hamilton species, and the shales are apparently in the upper 


part of the Hamilton formation. The following species were obtained : 


1. Spiriter mucronatus (Con.), Bill. (a) 
2. Spirifer granulosus (Con.), Hall. (c) 
3. Spirifer Tullius, Hall. (rr) 
4. Vitulina pustulosa, Hall. (2r) 
5. Tropidoleptus carinatus (Con.), Hall. (c) 
6. Chonetes scitula, Hall. (c) 


These resemble somewhat C. setigera, H., but are probably rather 
short forms of the above. 


7. Lingula punctata, Hall. (rr) 
8. Nucula corbuliformis, Hall. (rr) 
9. Paleoneilo maxima (Con.), Hall (2). (r) 
10. Liopteria, sp. (rr) 
11. Dalmanites (Crypheus) Boothi (Green), Hall. ar) 
12. Phacops rana (Green), Hall. (rr) 


On the hill south of the creek and 150 feet higher, are arenaceous iron- 


stained shales that contain an occasional small lamellibranch and Jiorhynchus. 
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Interstratified with the shales are also thin, smooth sandstones. The rocks 
probably belong in the Sherburne formation. 

On the first road turning to the east about one-fourth of a mile north of 
the Andrews farm and eighty-five feet above the Hamilton shales at XTX D', 
are fine bluish, argillaceous shales which belong in the Sherburne formation. 
These shales form the upper part of the northern end of the steep hill along 
the Sherburne and Columbus township line. On the eastern side of the steep 
hill, fossils were found about seventy feet below the exposure of the Sherburne 
shales, just described, which are regarded as near the top of the Hamilton. 
This outcrop is about 600 feet above the railroad level at Sherburne or approx- 
imately 1,642 feet A. T. 

XIX EH. Ina branch of Howard creek, at the foot of this hill, is a blue 
sandstone, above which are coarse arenaceous shales. The outcrop is on the 
Thomas Mulligan farm, three miles northwest of Columbus village, and is 155 
feet lower than the stratum with fossils on the hillside, or approximately 1,487 
feet A.T. The shales are blocky, split into irregular pieces, and contain 
plenty of Hamilton fossils. The following species were collected : 


1. Tropidoleptus carinatus (Con.), Hall. (c) 
2. Orthas, sp. (rr) 
3. Spirifer granulosus (Con.), Hall. (rr) 
4. Orthothetes Chemungensis (Con.), H., var. arctostriata, H. (rr) 
5. Microdon (Cypricardella) tenuistriatus, Hall, (rr) 
6. Pholadella radiata (Con.), Hall. (rr) 
7. Nucula bellistriata (Con.), Hall. (r) 
8. Grammysia bisulcata (Con.), Hall. (rr) 
9. Grammysia ct. G. alveata (Con.), Hall. (rr) 
* 10. Coleolus tenuicinctum, Hall. (rr) 
11. Cyclonema multistriata, Hall (2). 
12. Leptodesma, sp. (rr) 


XIX F'. At the foot of a small glen one and two-tenths miles south- 
west of the above exposure, are coarse arenaceous shales, containing plenty 
of Hamilton fossils. Then, for about twenty feet, the rocks are covered, while 
in the glen above is an excellent exposure of the Sherburne shales and sand- 
stones (F?). The glen is cut out of rocks belonging to this formation, and on 
the road above, in front of Mr. Pultz’s house, the thin argillaceous shales 
are well exposed, This locality is but a short distance east of the Sher- 
burne and Columbus township line, and 150 feet of the Sherburne formation 


are shown. 
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New Berlin. 

New Berlin township is directly south of Columbus, its eastern boundary 
being the Unadilla river, its western Norwich and North Norwich, while 
Sherburne forms a part of its northern boundary. West brook rises in the 
southern part of Columbus and flows southeasterly across the northeastern 
part of New Berlin and through New Berlin village into the Unadilla river. 
In the southwestern corner of Columbus, to the northwest of the head of 
West brook, is the high divide which runs north and south along the Sher- 
burne-Columbus township line and for some distance south into New Berlin. 
On top of this divide in the southwestern part of Columbus, are the rocks 
(XIX C*) which were referred to the Ithaca formation when describing the 
exposures along “ Nigger brook” in Sherburne township.' 

XX A™ Commencing about one-half of a mile east of XIX C4, are 
exposures of rocks, and at intervals there are small outcrops for one and one- 
half miles along the highway to the southeast when the upper part of West 
brook is reached. Along the brook there are plenty of exposures from near 
its head to New Berlin village. The exposure A! consists of arenaceous shales 
by the side of the highway nearly five miles northwest of New Berlin village. 
This outcrop is 670 feet higher than the New Berlin railroad station, or 
approximately 1,758 feet A. T.2 Only a few minutes were spent in collecting 
fossils, but a number of species were obtained, among which occurs Spirifer 
mesastrialis, H. The fauna and stratigraphic position of the layer show it 
to be in the Ithaca formation. Below is the complete list of fossils: 

1. Spirifer mucronatus (Con.), Bill., var. posterus, H. and C.  (c) 

One of these specimens is quite like the form of S. mesacostalis, 
H. (as figure 10 plate 40, Palaeontolgy of New York, Vol. IV.). 


2. Spiriter mesastrialis, Hall. (ar) 
3. Chonetes scitula, Hall. (c) 
4. Ehynchonella (Camarotechia) eximia, Hall (2). (ar) 
5. Lnorhynchus mesacostatis, Hall. (rr) 
6. Atrypa reticularis (Linné), Dalm. (rr) 
7. Stropheodonta demissa (Con.), Hall. (rr) 
8. <Actinopteria, sp. (rr) 
9. Grammysia cf. elliptica, Hall. (rr) 


XX A’. About three-fourths of a mile southeast of the locality a 
described, near the head of West brook and 180 feet lower, fossiliferous are- 
naceous shales occur by the roadside and the following species were collected : 


1 See supra, p. 181. 
2 On profile N. Y., O. & W. railroad New Berlin is given as 1,088 feet. 
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1. Spirifer mucronatus (Con.), Bill., var. posterus, H. and C. (x) 
2. Liorhynchus mesacostalis, Hall (2). (rr) 
3. Modiomorpha ct. subalata (Con.), Hall. (ar) 


No umbonal ridge is shown and so it departs from the form of 
this species. The umbonal slope being rounded, the specimen may 
belong to the genus Hlymella. 

On the hillside, eighty feet above the road, are thin, apparently unfos- 
siliferous sandstones (A°). These two exposures are in the Ithaca formation. 

AX A* One hundred feet lower than A®, thin, micaceous sandstones 
alternating with shales, are well exposed along West brook. The surface of the 
thin sandstones is usually shiny, but some specimens have a glazed, blackish 
surface in which specimens of Hwucoides graphica, Van., occur. These rocks 
are in the Sherburne formation, the top of which is probably not much above 
this outcrop. This ledge is 390 feet above the railroad station in New Berlin, 
or approximately 1,478 feet A. T. The thickness of the rocks from this out- 
crop down to the top of the Hamilton formation, as exposed on the banks of 
West brook in the edge of New Berlin village, is 255 feet, which is approxi- 
mately the thickness that we have assigned to the Sherburne formation of 
Chenango county. Farther down the brook and some seventy feet lower is a 
rocky glen which gives an excellent idea of the Sherburne shales. The rocks 
are mostly bluish or blackish shales, forming steep banks on each side of the 
brook, with only sufficient space between them for the stream and highway. 
This formation continues down the brook into the edge of New Berlin village. 

XX A*. The base of the Sherburne formation occurs in West brook at 
the beginning of the former mill race and upper dam, just above the old 
brewery. This locality is now on the farm of Thomas Lowe, at which place 
the thin, bluish-grey, smooth sandstones and shale of the Sherburne formation 
are clearly shown resting directly on the bluish-black, coarser arenaceous 
shales of the Hamilton. There is apparently no representation of charac- 
teristic Tully limestone and Genesee slate. Fossils appear in the Hamilton 
shales just below the dam and, a little lower, the creek has cut a narrow 
gorge through these rocks with walls from twenty to twenty-five feet high. 
The top of the Hamilton is about 135 feet above the railroad level at New 
Berlin station, or approximately 1,223 feet A. T. These upper shales of the 
Hamilton are quite fossiliferous, but the number of species is small. The 
following were found in the shales just below the dam and above the gorge: 

1. Spirifer mucronatus, (Con.), Bill. (c) 

2. Spirifer Tullius, Hall. (c) 
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3. Leptodesma Rogersi, Hall (?). (c) 

Rather imperfectly preserved, but more like this than any other 
fossil figured. 

XX A*®, In the lower part of the gorge of West brook in New Berlin 
village are coarse arenaceous shales alternating with those that are somewhat 
argillaceous. This exposure begins in the brook only a few rods above the 
Eagle hotel and about fifty feet above the railroad level. These upper 
Hamilton rocks are excellently shown in this gorge of West brook along West 
street in New Berlin village. Fossils are very abundant in layers, the fol- 
lowing list giving a good idea of the fauna of this part of the formation : 

1. Spirifer audaculus (Con.), Hall (2). 
It is possible that these specimens are all S. granulosus (Con.), 
Hall. The surface markings are not preserved and they are largely 


internal impressions. 


2. Spirifer granulosus (Con.), Hall. (c) 
_ 8. Spirifer mucronatus, (Con.), Bill. (ar) 
4. Atrypa reticularis (Linné), Dalm. (1r) 
5. Tropidoleptus carinatus (Con.), Hall. (rr) 
6. Mucula lirata (Con.), Hall. ar) 
7. Modiomorpha mytiloides (Con.), Hall. (ar) 
8. Ambocelia wmbonata (Con.), Hall. (rr) 
9. Chonetes coronata (Con.), Hall. (17r) 
10. Palwoneilo constricta (Con.), Hall. (r) 
11. Pleurotomaria capillaria, Con. (ar) 
12. Spirophyton velum (Van.), Hall (?). (r) 


XX f'. <A brook enters the Unadilla river from the west, one and one- 
fifth miles south of New Berlin village, which affords a good exposure of the 
rocks just west of the river road. The lowest rocks, which are coarse, are- 
naceous shales containing an abundance of Hamilton species, form a small 
fall, above which is a short gorge and second fall. The fauna is as follows; 

1. Spirifer mucronatus (Con.), Bill. (a) 

Typical mucronate forms of this species as in figure 15, plate 34, 
Vol. IV, Palaeontology of New York. 


2. Tropidoleptus carinatus (Con.), Hall. (ar) 
3. Spirifer granulosus (Con.), Hall. (rr) 


Or S. audaculus (Con.), H. Very much weathered external im- 


pressions. 
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4. Spirifer Tullius, Hall (2). (c) 
Form of this species, but not well enough preserved to show the 
fine striae. — 
5. Leptodesma Rogersi, Hall. (rr) 


AX B. Less than five feet above the top of the first fal] are blue 
shales alternating with thin sandstones which form the rocky sides of the 
narrow gorge. These rocks have the typical lithologic characters of the 
Sherburne, and from their stratigraphic position undoubtedly belong at the 
base of that formation. This is one of the best localities found m the Una 
dilla valley for the purpose of illustrating the transition from the Hamilton 
to the Sherburne formation. It indicates that the conditions under which the 
Tully limestone and Genesee slate were formed had nearly ceased and that 
the lithologic characters of those formations are scarcely represented in the 
Unadilla valley. Vanuxem mentioned the occurrence of the Genesee slate at 
North New Berlin (now New Berlin) *, but it was probably some of the rather 
darker shales of the Sherburne which he considered the Genesee, and, in fact, 
under his deseription of the formation it is stated that “ The Genesee slate was 
not distinctly recognized east of the town of Smyrna in Chenango county.” * 

Fossils are very rare in these shales, only two fragments of a Goniatites 
and another of a different shell bemg found. In this glen the top of the 
Hamilton, according to barometric readings, is approximately 140 feet lower 
than it is at XX A?* in West brook, New Berlin village, scarcely two miles 
farther north, which would give, approximately, a dip to the south of seventy 
feet per mile. Although this dip is considerably greater than former esti- 
mates, still it agrees closely with the estimates in the earlier part of this 
report for the exposures ten miles farther west along the Chenango valley. 
The base of the Marcellus shale is north of Bridgewater in the upper part of 
the Unadilla valley, twenty miles north of XX B, and, providing the dip is 
as great for the entire distance as in the vicinity of New Berlin, we would 
have a thickness along the Unadilla valley of over 1,300 feet for the Marcellus 
and Hamilton formations. The lithologic characters and fauna of the Hamil 
ton and Marcellus formations as shown along the Unadilla river valley from 
New Berlin to Bridgewater have been described in a former paper? About 
one mile south of XX B is a smaller brook which exposes shales and thin 


sandstones of the Sherburne formation. 


1 Geology of New York, Part TIL. p. 22. 

* Thid.. p. 168. 

3 Prosser: The Devonian section of central New York slong the Unadilla river. Twelfth Aumusl Report State Geolosist 
[New York], 1993, pp. 110-142 : 
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AX &* A ee 
small hamlet of New Berlm Center. To the west of the Unadilla is 2 steep 
hull whtek rises betweem £00 and 500 feet above the mver level. This hill 
was studied north of New Berlim Center and opposite the schoolhouse of 
Disertet No. £ 


| 130) = Vim sed’stomes and arenaceons shales = hiaca. 


az ——— (© Fine bine shales. 
| 30 Cowered. 
ix ———— Bailroad level 
| ar | Caneel : 
«| _ River level. 


—— 


exhibit outcrops of reeks, but at €", iifty-cwo feet above the mver, is a small 
exposure of thim bine shales winch clearly belong im the Sherburne formation. 
Tbs base is probably below the bed of the river at this leealtty and the for- 
mation continmes for about 214 feet up the hillside. 


a shes Reece poke 
few fossils, whieh Increase im abundance im the higher layers ices chek 
and sandstones are im the I:hae= formation. 130 feet of which occur before the 
brew of the steep part of the hill is reached. The fauna ix as follows - 
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1. Chonetes scitula, Hall. (c) 
2. Chonetes setigera, Hall. (c) 
3. Rhynchonella (Camarotechia) evimia, Hall. 

4. Spirifer mucronatus (Con.), Bill. (r) 
5. Tropidoleptus carinatus (Con.), Hall. 

6. Paracyclas lirata (Con.), Hall. ; (rr) 
7. Nucula corbuliformis, Hall. (rr) 
8. Modiomorpha subalata (Con.), H., var. Chemungensis, H. (rr) 
9. Actinopteria cf. Theta, Hall. (rr) 

Morris. 


Morris township, Otsego county, lies on the eastern side of the Unadilla 
river, directly east of the southern part of New Berlin township. 

XX P'. The hill on the eastern side of the river is steeper than the 
one on the western side, but unfortunately does not afford frequent exposures 
of the rocks. The road crossing the river south of schoolhouse No. 4 and 
section C, continues almost due south for over one mile until it reaches the 
east and west road on top of the divide. There are but few exposures along 
the steep road, most of the rocks being concealed by drift. At 305 feet above 
the river are rather thin sandstones, and loose pieces from apparently near 
this horizon contain some fossils. The species below were obtained from 
the loose blocks: 


1. Orthothetes Chemungensis (Con.), Hall. (a) 
Abundant in the few blocks of stone found at this place. 
. Phacops rana (Green), Hall. (rr) 


2 

8. Modiomorpha subatata (Con.), Hall, var. Chemungensis, H. (rr) 

4. Actinopteria, sp. (rr) 

The greater part of the hill probably belongs in the Ithaca formation, 
with a hundred feet or so of the Sherburne formation at its base. 

XX D* On the east and west road of the divide just east of the 
corners in the western part of Morris township are red, thin-bedded sand- 
stones which alternate with those that are thin, green and coarse-grained. 
This outcrop is apparently near the base of the Oneonta formation. In the 
field to the north of the highway, some ten feet higher, isa ledge of grey, 


~] 
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thin-bedded, coarse-grained sandstones, above which are red sandstones of 
similar texture. This is a characteristic outcrop of the Oneonta sandstone. 


The accompanying sketch gives an idea of the divisions of section D. 


SECTION OF XX D, SOUTH OF NEW BERLIN CENTER, 


B65) |e Heavy ledge of red and grey sandstone. 
Oneonta. 
655’ |----- Red and greenish thin sandstones. 


350! Ithaca. 
Sey (eee D‘'. Sandstones. 
| 805’ | Covered. Sherburne. 


Oni Unadilla river level. 


On the “Preliminary Geologic Map of New York,” published in 1896, 
the northern point of the Oneonta sandstone is represented as some two 
miles farther south; but the formation clearly forms the summit of the 
divide in this locality. 

Two miles to the east is another four corners, where the road crosses the 
valley of Morris creek in the northern part of Morris. Near the corners, 
approximately 220 feet lower than the ledge of Oneonta sandstone at D?, are 
thin arenaceous shales which contain the small form of Spirifer mucronatus 
(Con.), Bill. These rocks belong in the Ithaca formation, which continues 
northward and encloses the small glacial lake on the line of Morris and 
Pittsfield townships well toward the summit of the divide known as 
Matteson’s lake. 

XX #. At the top of the hill, northwest of Matteson’s lake and over- 
looking the Unadilla valley, are thin arenaceous Ithaca shales, this formation 
continuing for at least 350 feet below the summit of the hill. An outerop of 
these shales about fifty feet below the summit contains plenty of Ithaca fossils. 
The lower part of the hill belongs in the Sherburne formation which extends 
along the river road to north of the four corners above Silver lake. 

12 
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Pittsfield. 


Pittsfield township, Otsego county, is on the eastern side of the Unadilla 
river and lies east of the northern part of New Berlin and the southeastern 
corner of Columbus. 

The line of division between the Hamilton and Sherburne formations 
runs in a northeasterly direction along the side of the hill east of the Unadilla 
river and Wharton creek to about two miles northeast of Pittsfield village, 
when it takes a more easterly course across the divide between Wharton and 
Butternut creeks. This line is twelve miles due north of that represented 
as the top of the Hamilton formation on the “Preliminary Geologic Map 
of New York”; but this difference, which will be found across Otsego 
county and still farther eastward, is due to the fact that the Sherburne and 
Ithaca formations were mapped as the upper part of the Hamilton in eastern 
New York. 

Fossiliferous Hamilton shales and sandstones on the eastern bank of the 
Unadilla river in the northwestern part of Pittsfield, as well as the barren 
Sherburne shales and sandstones forming the long Pittsfield hill southeast of 
New Berlin, crossed by the New Berlin and Morris road, the top of which is 
capped by the Ithaca formation, were described by the writer several years 
ago." 

The lower part of the hill east of Wharton creek and New Berlin village 
shows ledges of arenaceous shales and thin sandstones which contain plenty 
of characteristic Hamilton fossils. Above, and approximately 135 feet higher 
than the railroad crossing below New Berlin, are thin, blue, unfossiliferous 
sandstones and shales that belong in the Sherburne formation. This indicates 
that the base of the Sherburne occurs at about the same elevation east of the 
Unadilla river as in West creek in New Berlin village. 

NX F, On the hillside east of Wharton creek, one-fourth mile north- 
east of Pittsfield village and about 180 feet above the railroad level of New 
Berlin, are rough arenaceous shales containing numerous Hamilton fossils. 
Ten feet higher are thin unfossiliferous sandstones which are perhaps in the 


base of the Sherburne. The fauna of F! is as follows: 


1. Spirifer granulosus (Con.), Hall. (a) 
2. Tropidoleptus carinatus (Con.), Hall. (aa) 
3. Cyrtina Hamiltonensis, Hall. (rr) 


4. Ambocolia wmbonata (Con.), Hall. (1) 


1 Twelfth Annual Report State Geologist [New York], pp. 133-136. 
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5. Modiomorpha concentrica (Con.), Hall. (Qr) 
6. Paleoneilo emarginata (Con.), Hall. (rr) 
7. Mytilarca (Plethomytilus) oviformis (Con.), Hall. (r) 
8. Crinoid segments and part of stems. (c) 


XX F*. On top of the hill, one and one-half miles northeast of Pitts- 
field and near the township line between Pittsfield and Edmeston, are thin, 
rather irregular arenaceous shales containing Hamilton fossils. The top of 
the hill is barometrically 370 feet above the railroad at New Berlin, but it is 
two and one-half miles northeast of the locality at which the top of the 
Hamilton was found at an altitude of 135 feet above the railroad, and if the 
dip remains seventy feet or more per mile it would bring the top of the 
Hamilton near the summit of this hill. The nature of the rocks and fauna 
seems to favor the above conclusion and shows that the entire hill is com- 
posed of Hamilton rocks. Eighty feet below its summit are very coarse 
shales grading into sandstones that form rather prominent ledges containing 
an abundance of Hamilton fossils. Spirifer granulosus (Con.), Hall, is abun- 
dant; TZropidoleptus carinatus (Con.), Hall, common; Plewrotomaria capil- 
laria, Con., rare. A careful search would yield considerable numbers of 
characteristic Hamilton species. 

For some distance along the first brook entering Wharton creek from the 
east, one and one-half miles above Pittsfield, the fossiliferous Hamilton shales 
are found. To the south on the hillside the shales and sandstones of the 
Sherburne occur, while on the high hill to the south, 500 feet above the 
Hamilton shales in the brook, are those containing the fossils of the Ithaca 
formation. This exposure occurs on the high hill to the north of Ketchum. 
However, on account of the thick deposit of drift covermg the rocks of the 
divide between the Wharton and Butternut creeks, it is difficult to describe 
very closely the geological formations of the region. 


GEOLOGY oF SouTHERN OrTsEGo ‘County. 


The southern part of Otsego county is covered by rocks belonging to the 
Hamilton, Sherburne, Ithaca and Oneonta formations. In tracing the line of 
division between the Hamilton and Sherburne formations across this county, 
the geology of its southern part was quite carefully studied and will now be 
described. 
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New Lisbon. 


XX H?*. In the northwestern part of the township, one and one-half 
miles northwest of Garrattsville, is a small glacial lake known as Turtle lake. 
The ground is marshy about the lake, but along its outlet and in a small run 
which enters the brook from the south are rocky ledges. The arenaceous 
shales on the outlet of Turtle lake are apparently in the Hamilton formation, 


fossils bemg common, as the following list will show: 


1. Lropidoleptus carinatus (Con.), Hall. (a) 
2. Spirifer mucronatus (Con.), Bill. (vr) 
3. Spirifer granulosus (Con.), Hall. | (rr) 
4. Spirifer Tullius, Hall. ar) 
5. Cyrtina Hamiltonensis, Hall. (rr) 
6. Microdon (Cypricardella) tenuistriatus, Hall. ar) 
7. Microdon (Cypricardella) bellistriatus, Hall. (ary 


It is somewhat difficult to determine sharply the line between the Hamil- 
ton and Sherburne on this hill, Shales or thin sandstones containing but a 
few fossils continue for forty feet up the small run southwest of the main 
creek. A few of the Hamilton species in this locality seem to occur somewhat 
above the horizon of the top of the Hamilton, in shales which, farther west, 
are in the lower part of the Sherburne. 

NX H'. Sixty-five feet above the outlet of Turtle lake, greenish shales 
and sandstones begin and continue for fifty feet to the top of the hill. These 
rocks contain a few fossils; thirteen specimens of Liorhynchus mesacostalis, 
Hall, and two of Spirifer mucronatus (Con.), Bill., were collected beside speci- 
mens having fucoidal markings. These fifty or more feet of shales and sand- 
stones are regarded as belonging in the Sherburne formation, but it appears 
that the unfossiliferous fine blue shales of the Unadilla valley have changed 
into these more arenaceous shales in which Liorhynchus is not uncommon. 
In the brook to the west of Turtle lake and near the divide, are smooth rocks 
which may belong in the Hamilton, while the loose ones on the ground are 
very similar to the Sherburne. The elevation of this locality is about the 
same as the horizon considered as the top of the Hamilton south of Turtle 
lake, but on account of the heavy deposit of drift over the region’ of the 
divide, it is difficult to determine accurately the underlying geologic for- 
mation. 

XX H*. Ledges near the upper part of the glen, one-half mile north- 
west of Garrattsville and 120 feet higher than the village hotel. ‘The rocks 
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consist of shales and thin sandstones and contain plenty of Hamilton 
fossils. Typical Hamilton rocks with the characteristic fauna of the for. 
mation. 
1. Zropidoleptus carinatus (Con.), Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (r) 
3. Spirifer Tullius, Hall. (c) 
4. Cryptonella (.dumella) Linckleni, Hall. (a) 
5. Stropheodonta perplana (Con.), Hall. (ar) 
6. Palewoneilo fecunda, Hall. (r) 
7. Paleoneilo constricta (Con.), Hall. (rr) 
8. Schizodus appressus (Con.), Hall. (rr) 
9. Leda diversa, Hall. (vr) 
10. Grammysia cuneata, Hall. (rr) 
i Grammysia arcuata (Con.), Hall. (rr) 


XX H'. In this same brook at the foot of the glen and only fifteen feet 


above the hotel, are argillaceous, blue, soft Hamilton shales, containing an 


abundant Hamilton fauna. The dip is heavy to the southwest, judging from 


the exposure in the brook. The following species were collected in a short 


time : 
1. Zropidoleptus carinatus (Con.), Hall. (a) 
2. Spirifer mucronatus (Con.), Bill. (c) 
3. Spirifer Tullius, Hall. (rr) 
4. Grammysia alveata (Con.), Hall (2). (1r) 
5. Nuculites triqueter, Con. (c) 
6. Lunulicardium fragile, Hall (2). erect) 
Rather heavy concentric undulations like Puracyclas; too 
imperfectly preserved for positive identification. 
7. Chonetes lepida, Hall (?). (1r) 
Specimens do not show the stronger striae near the center, 
although one is apparently the ventral valve. 
8. Pleurotomaria capillaria, Con. (2). (rr) 
9. Pholadella radiata (Con.), Hall. (ar) 
10. Phacops rana (Green), Hall. (ar) 
11. Aviculopecten, sp. (rr) 


A section partly along this brook from Garrattsville northwest to Turtle 


lake is as follows: 
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The hill on the western side of Butternut creek below Garrattsville is 
steep, but pretty well covered with drift, so that exposures of rocks are some- 
what infrequent. About one and one-half miles below Garrattsville, Hamilton 
shales show by the roadside, while in the field, 150 feet higher, are rather 
thin arenaceous shales which run into sandstones and contain but few fossils, 
apparently in the upper part of the Hamilton. Seventy-five feet higher, or 
225 feet above the road, are thin sandstones apparently in the Sherburne for- 
mation. Along the valley, three and one-quarter miles below Garrattsville and 
a short distance above Stetsonville, are rocks belonging in the Hamilton 
formation. On the road west, one hundred feet above the valley, are 
smooth, arenaceous, thin sandstones of the Sherburne formation. ‘This 
agrees with the exposures of Sherburne found to the northwest in Pitts- 
field township about Ketchum, where the valleys and lower hills are 
composed of the Sherburne, with the Ithaca forming the summits of the 
higher hills. 

The Hamilton probably follows the creek valley for a mile or more below 
Stetsonville, before reaching its upper limit. A dip of seventy feet per mile 
to the south would just about brig down what was called the top of 
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the Hamilton on the hill south of Turtle lake to the level of the high- 
way at Stetsonville. On the hillside, one mile below Stetsonville, and 
three miles northeast of Morris, are even-bedded, thin sandstones and 
arenaceous shales, in which no fossils were found belonging to the Sherburne 
formation. 

One hundred feet higher, or 210 feet above the highway are shaly, 
arenaceous rocks (XX G?") that contain abundant specimens of Atrypa retic- 
ularis (Linné), Dal., and a few other fossils. This ledge is probably. in the 
lower part of the Ithaca formation. Below are more even-layered shales, with 
an occasional fossil similar to those in the more arenaceous portions of the 


Sherburne. The fauna of G' is: 


1. Atrypa reticularis (Linné), Dal. (a) 
Rather small and gibbous specimens. 

2. Chonetes, sp. (17) 

3. Lichinocaris ef. punctata, (Hall), Whitfield. (1r) 


Part of the impression of the cephalothorax whose surface 


markings resemble those of this species. 


XX/ ZG. East of the Butternut Creek, and directly east of Noblesville, 
near the foot of the hill, are quite smooth, greenish sandstones, in the midst 
of which are blocky shales in which Rhynchonella venustula, Hall, is common. 
A few other species are associated with the Rhynchonella, but they occur 
sparingly. Below this horizon are bluish shales which were shown in an 
excavation for a well, while higher on the hillside, along a small run, are thin, 
arenaceous shales, evidently the Sherburne formation, in which fossils were 
not found. ‘The fauna of B! is: 


1. Spirifer mucronatus (Con.), Bill. (rr) 

2. Atrypa reticularis (Linné.), Dal. (3) 
The rather small form. 

3. at ropidoleptus carinatus. (Con.), Hall. (1r) 

4. Rhynchonella (Hypothyris) venustula, Wall. (c) 


While engaged in the field work necessary for determining the top of the 
Hamilton formation in the Butternut valley, the line of separation between 
the Hamilton and Sherburne formations was indicated as approximately the 
same horizon as that at which Rhynchonella venustula was found. Later, 
the specimens were carefully compared with the figures of this species and 
authentic specimens from the State Museum, and it was found that in form, 
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number of plications in fold and sinus, and in vascular markings the speci- 
mens from Noblesville agree closely with typical specimens of Zehynchonella 


venustula. 


3 


RNYNCHONELLA (HYPOTHYRIS) VENUSTULA, Hall. 
Noblesville, N. Y. 
Partially exfoliated pedicle-valve, showing seven plications in the sinus. 


Internal cast of pedicle-valve, showing vascular markings. 
Front, lateral and cardinal views, showing the strongly gibbous form of the specimens. 


ot bh 
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The distribution of Jeéhynchonella venustula, Hall, which is either iden- 
tical with or very closely related to the European species /2. cwboides, Sowerby, 
has previously been confined to a belt of country in central New York, 
extending from Madison county on the east to Yates county on the west, and 
in its range Professor Hall reported the species “in the Tully limestone, at 
Tully and Tinker’s falls in Onondaga county; at Ovid in Seneca county ; at 
Benton and Penn Yan in Yates county, New York.”! The final volume of 
the Palaeontology of New York (Brachiopoda IT) does not indicate either a 
greater distribution or range for the New York species, although it notes its 
close relationship to the 7. cuboides of Europe? The species has also been 
considered by Professor H. 8S. Wilhams in a paper on “The Cuboides Zone 
and its Fauna,” but no mention 1s made of its occurrence at additional 
localities.? Professor 8. G. Williams in his paper on “The Tully limestone, 
its Distribution and its known Fossils,” reported the species from South 
Lebanon in the southern part of Madison county,* which, as far as the writer 
is aware, was its farthest known eastern distribution previous to its discovery 


in Otsego county. 


1 Geological Survey, New York, Palaeontology, Vol. IV., Part I., 1867, p. 348. 
2 Tbid., Vol. VU, Part IL., 1894, p. 200. 

3 Bulletin Geological Society of America, Vol. I., pp. 481-500. 

4 Sixth Annual Report State Geologist [New York] 1888, pp. 18, 27. 
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The discovery of /2. venustula at Noblesville extends its distribution 
thirty miles farther to the southeast than heretofore reported ; and on account 
of the very limited known range of the species this discovery is regarded as 
very strong evidence in support of the horizon considered in this report as the 
top of the Hamilton formation. The species was also noted at this. position 
in the geological series at a few other places in Otsego county, and so it seems 
to the writer that this question as to where the line of division between the 
Hamilton and overlying formation is to be drawn in that county, should be 
finally settled by this evidence. This seems a perfectly tenable position, 
especially since the closely related species, /?. venustula, of New York, and 
LI. cuboides, of Europe, are regarded as occurring at very nearly the same 
geologic horizon. In the words of Professor H. 8. Williams: “The correlation 
thus established is one not merely of homotaxy, but within relatively short 
limits, of contemporaneity ; and that the Tully limestone may be said to have 
been deposited during the period of deposition of the Cuboides Schichten, of 
England, Belgium, France, Germany, Russia and the East.” ' 

Along the road and a small stream to the southeast of Noblesville, are 
occasional exposures of smooth, unfossiliferous shales and thin sandstones 
belonging in the Sherburne formation. 

XXT LG. At the summit of the hill, 360 feet by the barometer above 
the ledge with /ehynchonella venustula, ave quite fossiliferous, arenaceous 


shales and thin sandstones affording the following species : 


1. Spirifer mesastrialis, Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (rr) 


co 


. Rhynchonella (Camarotachia) eximia, Hall (2). 
Rather small specimens with sharp plications. 

The specimens of Spirifer mesastrialis are typical and common, indicating 
these rocks to be in the Ithaca formation. It is probable that the base of the 
Ithaca beds is a hundred feet lower than the summit of the hill, and that the 
high land between Noblesville and Gilbert’s lake belongs in this formation. 

XYXYT7 C'. At the three corners on the road following the township line 
between New Lisbon and Laurens, one-third of a mile west of Gilbert’s lake, 
are rather coarse shales that are very fossiliferous, especially thin layers which 
are largely composed of Spirifer mesastrialis, Hall. A very brief time was 
spent in collecting, and only two other species were noted, viz.: Atrypa 
reticularis, (Linné), Dal. and Tropidoleptus carinatus (Con.), Hall. This 


locality is, according to one barometric reading, seventy feet lower than 


1 Bulletin Geological Society of America, Vol. I., p. 498. 
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XXI_ B? at the summit of the hill southeast of Noblesville, and 510 feet above 
the hotel in Laurens, four miles to the southeast in the valley of Otego creek. 

To the north of Noblesville are occasional exposures of rather coarse, 
arenaceous shales in which Hamilton fossils are not uncommon. <Afrypa 
reticularis (Linné), Dal., is one of the most common species. The shales 
with this species are exposed near the three:corners, one and one-half miles 
northeast of Noblesville (XXIV D7’), and still better shown in the ledges 
along the hillside in the northern part of school district No. 8. In the coarse 
arenaceous shales of XXIV D* there was little opportunity for collecting, 


and only the three following species were noted : 


1. Atrypa reticularis (Linné), Dal. (c) 
2. Productella, sp. (r) 


A large species similar to the one found at XXIV D*, N. E. of 
Gilbert’s lake. , 

3. Phacops rana (Green), Hall. 

Hamilton ledges with characteristic fossils are well shown on the steep 
hillside above the corners, about one and one-quarter miles south of Garratts- 
ville. To the northeast of the locality just mentioned and east of Garratts- 
ville is a steep hill, the top of which may be capped by rocks belonging to the 
Sherburne formation. By the highway on the eastern side of the hill and 
about north of New Lisbon Centre are coarse, arenaceous Hamilton shales, 
which show glacial striae running 8. 50° W. 

Near the top of the hill to the northeast a loose piece of stone was found 
in the field in which /ehynchonella (Hypothyris) venustula, Hall, is common. 
In the same block was an internal impression of Spirifer mucronatus (Con.), 
Bill., and a Chonetes, sp. This block probably came from the same horizon 
as the one east of Noblesville in which the 2eiynchonellas were found in place, 
and this indicates the extension of that horizon to the northeastward on the 
high hill in the northern part of New Lisbon. The top of the hill is so 
thoroughly covered by drift that exposures of the bed rock are rare; but the 
larger part of the loose pieces are apparently from the Hamilton formation 
mixed with unfossiliferous pieces, possibly from the Sherburne beds. 

NXT A’. To the northeast of Garrattsville a road climbs the steep hill 
east of Butternut creek, the summit of which is two miles from the village, 
giving a section of nearly 500 feet of Hamilton rocks. About one and one- 
half miles N. E. of Garrattsville and 335 feet above the level of Butternut 
creek are conspicuous ledges of bluish and iron-stained blocky shales that con- 


tain plenty of characteristic Hamilton fossils. One hundred and twenty feet 
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higher, on the road near the top of the hill are bluish shales (XXI A”), con- 
taining numerous fossils belonging in the Hamilton formation. In a few 
minutes, specimens of the following species were found : 


1. Spirifer mucronatus (Con.), Bill. (c) 
2. Cyrtina Hamiltonensis, Hall. (rr) 
3. Ambocelia wmbonata (Con.), Hall. — (rr) 


About thirty-five feet higher on the road running southwest, shales and 
thin sandstones outcrop which contain Hamilton fossils. This seems to show 
that the summit of the high hill two miles northeast of Garrattsville is in 
the Hamilton formation. 

The section may be tabulated as follows: 


SECTION OF HIGH HILL NORTHEAST OF GARRATTSVILLE. 


HOG? ee “=| Shales at top of hill, Hamilton. 
35' 
Shay PIE A*. Bluish shales with Spirifer mucronatus. 
120’ 
EY HM edeenta Dok A’. Blocky shales. 
385° 
OP nie / Level of Butternut creek, Hamilton. 


XXIV D*. Exposures of rather coarse, bluish shales at the lower end 
of the gorge one mile northeast of Noblesville and in the first brook north of 
that village. In these shales specimens of Liorhynchus are common, which 
are probably Z. mesacostalis, Hall, although there is a decided tendency in 
the striae to remain on the sides of the shells as is the case with L. mu/ticosta, 
Hall. It is probable that these shales are in the Sherburne formation, 
although they may perhaps represent the extreme upper part of the Hamilton. 
Twenty feet higher is an excellent outcrop of bluish, argillaceous shales in 
which no fossils were found. 

XXIV D*. At the head of the gorge, two miles northeast of Nobles- 
ville, are bluish and olive argillaceous shales, with an occasional thick stratum 
of sandstone; these, according to the barometer, are 195 feet higher than D*. 
In some of these shales specimens of Productel/a ave abundant, and the fauna _ 
would indicate the lower part of the Ithaca formation. Judging from several 
observations in the southern part of New Lisbon, the dip is very heavy to the 


southwest. The fauna of D® is: 
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1. Productella, sp. (a) 
Apparently between P. speciosa, Hall, and P. lachrymosa 
(Con.), Hall. One of the specimens is truncated at the beak. 
2. Atrypa reticularis (Linné), Dal. (rr) 
3. Paleoneilo constricta (Con.), Hall. (rr) 
Almost identical with the small one figured on plate 48, figure 
16 (Palaeontology of New York, Vol. V, Part I), from Ithaca, 
NEY: 
4. Coral, sp. (rr) 
5. Actinopteria eta, Hall (2). (rr) 


XXIV J. Ledges of coarse, arenaceous shales on the hillside west of 
Pool creek, three and one-third miles east of Noblesville and about three- 
quarters of a mile northeast of Gilbert’s lake. The shales merge into thin 
sandstones which, on the weathered surfaces, are brownish from iron stain. 
The ledges show a heavy dip to the southwest. According to the barometer, 
this locality is 125 feet higher than D®, and 320 feet above D®. In these shales 
specimens of Atrypa and Productella are common, the complete fauna being : 


1. Atrypa reticularis (Linné), Dal. (c) 
2. Productella, sp. (c) 
The specimens are large, with wrinkles and folds on the ears, 
8. Chonetes setigera, Hall. (1r) 
4. Grammysia subarcuata, Hall (@). (rr) 


From a hasty examination of this region I was not able to positively 
determine the formation, and it is quite possible that on the accompanying 
geologic map the top of the Hamilton is represented somewhat too far to 
the south in the valley of Pool creek. 

XXIV P**. On the divide between Pool creek and Fall brook, one and 
one-half miles east of D*, are thin bluish and olive shales in which no fossils 
were found. This locality is in the southeastern part of New Lisbon, school 
district No. 16, and is, according to the barometer, 470 feet above the level of 
Otego creek at Mt. Vision, two and one-half miles to the southeast. 

XXTV DP. On the eastern side of the hill, by the roadside, about 110 
feet below D**, are rather argillaceous shales in which Hamilton fossils are 
common, especially typical specimens of Spirifer mucronatus (Con.), Bill. 
These shales are clearly in the Hamilton formation, the top of which is then 
fully 860 feet above the level of Otego creek at this place. The fossils are: 

1. Spirifer mucronatus (Con.), Bill. (a) 

2. Ambocelia wmbonata (Oon.), Hall. (c) 
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3. Stropheodonta perplana (Con.), Hall. ar) 
4. Atrypa reticularis (Linné), Dal. (ar) 
5. Paleoneilo emarginata (Con.), Hall. (ar) 


XXIV D*. Somewhat below the above locality the rocks of the hillside 
are well exposed along the gorge of Fall brook, which has rocky banks with 
several cascades in the course of its steep descent. All the rocks along the 
gorge are clearly Hamilton in age. In the upper part of the gorge above the 
upper bridge are bluish, arenaceous shales. Those near the top are thinner, 
and the layers more even, approaching thin sandstones in texture. The upper 
shales of the brook are about 230 feet above the level of the Otego creek, at 
Mt. Vision, one and three-quarter miles to the southeast. Fossils are com- 
mon, and careful collecting would yield a fairly large number of species. The 


following were obtained in a short time: 


1. Spirifer granulosus (Con.), Hall. (1) 
2. Terebratula (Hunella) Lincklaeni, Hall, Qr) 
3. Ambocelia wmbonata (Con.), Hall. (r) 
4. Spirifer Tullius, Hall. Ce 
One of the noticeable features in the palaeontology of Otsego 
county is the large number of specimens of the above species in 
the upper Hamilton. 
5. Spirifer fimbriatus (Con.), Bill. (rr) 
6. Tropidoleptus carinatus (Con.), Hall. (ar) 
7. Stropheodonta perplana (Con.), Hall (?). (rr) 
8. Chonetes setigera, Hall. (r) 
9. Nucula bellistriata (Con.), Hall. (1) 
10. Palewoneilo perplana, Hall. ar) 
11. Grammysia (Sphenomya) cuneata, Hall. (c) 
12. Phacops rana (Green), Hall. ar) 


Under the upper bridge of Fall brook is a stratum containing numerous 
specimens of Spirifer granulosus (Con.), Hall. 

XXIV PD. At the foot of the gorge, only sixty-five feet above the 
Otego creek, are bluish, rather coarse, arenaceous shales which contain plenty 


of fossils, especially Zropidoleptus carinatus (Con.), Hall. The list is as 


follows: 
1. Tropidoleptus carinatus (Con.), Hall. (a) 
2. Spirifer mucronatus (Con.), Bill. (1) 
3. Spirifer granulosus (Con.), Hall. (1r) 
4. Microdon (Cypricardella) tenuistriatus, Hall. (11) 
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The following diagram will give an idea of the Fall brook section, 
extending from one and one-half to two and one-half miles northwest of Mt. 


Vision: 


AT ieee D**, On divide, blue shales of Sherburne. 
tO ag 
360 =e D*®, On road, Spirifer mucronatus, Hamilton. 
| 130’ 
230’ |---| D* Near top of rocks in Fall brook. 
LOO 
1306 See Abundant specimens of Spirifer granulosus. 
65/ 
CO) D‘'. Foot of Fall brook gorge. Hamilton. 


65/ Covered. 


Or eee evelaor Otego creek at Mt. Vision. 


Laurens. 


The township of Laurens lies directly south of New Lisbon, except the 
northeastern corner, which is south of Hartwick, the township adjoining New 
Lisbon on the east. Otego creek flows through the eastern part of the town- 
ship, bordered by a very steep hill on the eastern side, broken only by small 
brooks, the largest being Keyes brook in the northeastern corner of the town- 
ship. The ridge on the western side of Otego creek is not nearly as steep 
as the one on the eastern side, and it is broken by a number of brooks and 


creeks of fair size, with corresponding valleys. 


XXIV C*. Slightly northeast of the village of Mt. Vision, in the north- 
eastern corner of the township, is a steep hill, which rises 375 feet above the 
Otego creek, known as Mt. Vision. The hill lies between the valleys of 
Otego creek and Keyes brook, the latter being at its greatest distance only a 
little more than one and one-half miles east of Otego creek. The hill has, of 
course, been formed by the erosion of the streams on its eastern and western 
sides, with its steeper flank toward the larger stream and tapering to a point 
opposite the junction of the two streams. On the hillside, one hundred feet 
above the creek, are prominent ledges of coarse, arenaceous shales. They are 
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quite coarse-grained, with every lithologic appearance of the coarser Hamil. 
ton, while the abundant Hamilton fauna refers them unquestionably to that 
formation. The list is: 


1. Spirifer Tullius, Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (c) 
3. Spirifer granulosus (Con,), Hall (2). (rr) 
4. Tropidoleptus carinatus (Con.), Hall. (c) 
5. Chonetes coronata (Con.), Hall. (ar) 
6. Ambocelia wmbonata (Con.), Hall. (r) 
7. Stropheodonta demissa (Con.), Hall. (11) 
8. Microdon (Cypricardella) tenwistriatus, Hall (2). (ar) 
Probably young specimens of this species, though they resemble 
somewhat figures 19 and 20, plate 78 of JZ. bellistriatus, Con. 
9. Téellinopsis subemarginata (Con.), Hall. (ar) 
10. Modiomorpha mytiloides (Con.), Hall. (r) 
11. Glyptodesma erectum (Con.), Hall. (1r) 
12. Pterinea flabella (Con.), Hall. (rr) 
13. Liopteria DeKayt, Hall. (rr) ; 
14. (4) Psilophyton princeps, Dn. (2r) 


Fragment. 
Near the top of the hill, about 207 feet above the base of C’, is 
an irregular, concretionary stratum, similar to those which are not 
unfrequently found in the upper Hamilton and higher formations of eastern 


New York. 


XXIV C?. At the top of the steep escarpment, near the brow of the 
hill, some 350 feet above the creek level, are thin sandstones and. shales, 
certain layers of which contain many specimens of Spirifer mucronatus (Con.), 
Bill. The following species were collected : 


1. Spirifer mucronatus (Con.), Bill. (a) 
2. Cyrtina Hamiltonensis, Hall. (1r) 
3. Orthothetes Chemungensis (Con.), Hall. (rr) 
4. Ambocelia umbonata (Con.), Hall. (ar) 
5. (4) Aviculopecten princeps (Con.), Hall. (rr) 


The rocks and fauna of this outcrop are similar to those of XXIV D*, on 
the western side of Otego creek, about 860 feet above its level. It seems 
clear that the Hamilton formation extends to the top of the ledges on 
Mt. Vision and forms nearly, if not quite all of the hill. 
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SECTION OF MT. VISION. 


Byes 
Top of Mt. Vision. 
SHON) os, rte crocs C*, Hamilton ledges at brow of hill. 
43' | 3 
307’ | ee | Concretionary stratum. 
207° 

1004 = | CL. Hanuilton. 

1 100’ | 

0! | —-—-—| Level of Otego creek at Mt. Vision. 


DOOR ex 
eastern side of Otego creek, is a rocky hillside on the Field farm, known 
locally as the “Owl Patch.” 
hill strikes the highway about seventy-five feet above the creek level, and 


thin, argillaceous, quite fossiliferous shales of bluish or olive color with thin 


strata of sandstone are quite well exposed by the roadside. 


species were obtained : 


DCO A Ue ist 
are conspicuous ledges of coarse, arenaceous shales, in lithologic character and 
fauna similar to those of the lower ledges (XXIV C*) of Mt. Vision. 


outcrop belongs in the Hamilton formation, and the fossils are abundant and 


Spirifer MUCPONALUS (Con.), Bill. (c) 
Atrypa reticularis (Linné), Dal. (ar) 
Goniophora Hamiltonensis (Tall), Miller. (ir) 
Nuculites oblongatus, Con. (1r) 


Platyceras, sp. 


typical, as will be seen below: 


i 


» 


— 


Spiriter mucronatus (Con.), Bill. (c) 
Tropidoleptus carinatus (Con.), Hall. (1) 
Spiriter Tullius, Wall. (c) 
Tellinopsis subemarginata (Con.), Hall. (rv) 
Microdon (Cypricardella) tenuistriatus, Hall. (a) 


These specimens are smaller than the figures of this species and 
perhaps are the forms of WZ. dellistriatus, Con., which have fine 


striae, but they agree with the description of the young forms of 


M. tenuistriatus, Hall. 
Nucula corbuliformis, Wall. (rr) 
Grammysia arcuata (Con.), Hall. (rr) 


About three-quarters of a mile south of Mt. Vision, on the 


A short distance farther south, the point of the 


The following 


Seventy-five feet higher on the hillside, in the “Owl Patch,” 
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8. Paleoneilo constricta (Con.), Hall. ar) 
9. Liopteria DeKayi, Hall (2) (c) 


All imperfectly preserved. 

AXNXTV SL. Ledges are rather conspicuous on the hillside towards its 
top, and 170 feet above B? is a prominent ledge of even-bedded, thin sand- 
stones forming the upper terrace of the hillside. These sandstones are fine- 
grained, greyish to slightly olive in color, weathering to a brownish grey. 
_ Portions of them are literally filled with specimens of all sizes of Rhynchonella 
venustula, Hall, although scarcely any other fossils occur; a broken specimen 
Paracyclas lirata (Con.), Hall (2), being the only one noted. In the loose 
fragments among the talus, apparently from this ledge, were pieces of rock 
containing abundant specimens of Spirifer mucronatus (Con.), Bill, and a 
single broken specimen of Palwoneilo emarginata (Con.), Hall (2). The hill 
is rounded above this ledge and does not extend much higher, and the rocks 
are covered by soil; but the presence of the abundant specimens of hyn- 
chonella venustula mndicates that the Hamilton formation extends nearly to its 
summit. ‘This ledge is 320 feet above the level of Otego creek, and when the 
hill is compared with Mt. Vision, rather more than three-quarters of a mile to 
the north, the highest rocks of which are 350 feet above the creek level, or 
the top of the hill approximately 375 feet above the creek, it will be seen 
that all of that hill must belong in the Hamilton formation, since a dip of 
seventy-five feet per mile, probably less than the true dip, would carry the 
Hamilton rocks over the summit of Mt. Vision. 

This Rhynchonella venustula ledge is seven miles southeast of the locality 
already described near Noblesville, carrying the distribution of the species so 
much farther eastward, as well as fixing precisely in the Otego valley a point 
for the separation of the Hamilton and Sherburne formations. 


SECTION OF THE “OWL PATCH,” THREE-QUARTERS OF A MILE SOUTII OF MT. VISION. 


BQO B®, Thin sandstones with abundant specimens of 
Phynchonella venustula, Top of Hamilton. 

170’ 

150! ne B®. Coarse, arenaceous’ shales, abundant Hamilton 

mv - ° 
(ee | fossils, 
Wasy 0 |B Pare BY Hamilton shales on highway. 
TD 
OF Bile Otego creek level. 
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AXAJV A‘. Shales and thin blue sandstones by the side of the highway 
along Lake brook, one-half mile northwest of Laurens. This locality is about 
three miles southwest of the “Owl Patch” (XXIV B?*?), and 110 feet above 
the main street of Laurens. In some layers there are plenty of fossils, 
especially Spirifer mucronatus (Con.), Bill. The complete list is as follows: 


1. Spirifer mucronatus (Con.), Bill. (a) 
2. Tropidoleptus carinatus (Con.), Hall. (ar) 
3. Atrypa reticularis (Linné), Dal. 

4. Conularia undulata, Con. (rr) 
5. Athyris Cora, Hall (2). (ar) 


“XT V A*®, Coarse, arenaceous shales on hill, one and four-tenths miles 
northwest of Laurens and 260 feet above the main street. They form a 
prominent outcrop in the field on the eastern side of the east and west cross- 
road, and contain numerous specimens of Atrypa reticularis and Spirophyton. 
The list is: 


1. Atrypa reticularis (Linné), Dal. (a) 
2. Cyrtina Hamiltonensis, Hall. ar) 
3. Productella, sp. (c) 
4. Actinopteria decussata, Hall (2). (ar) 
5. Spirophyton, sp. (rr) 


These shales of XXIV A? and A?, resemble those of the Hamilton group 
more than they do those of the Ithaca formation. 


Hartwick. 


Hartwick township hes east of New Lisbon and Burlington, and north 
of Laurens and Milford townships, its southern half extending eastward to 
the Susquehanna river. The topography of the southern half exhibits steep 
hills bordering narrow valleys, the most important of which is the Sus- 
quehanna. 

XXIV C*...In the southern part of the township, two and one-half 
miles northeast of the village of Mt. Vision, is a high hill, known jas Bowie 
hill, the summit of which is approximately 750 feet higher than the valley 
of Otego creek at Mt. Vision. Above the top of Mt. Vision which, as already 
stated, is in the Hamilton, the rocks are mostly covered by drift. At the 
school-house No. 15, on the road directly south of Bowie hill, are’ bluish, 
argillaceous shales, very similar to the Sherburne formation, in which only a 


single specimen of Chonetes setigera, Hall, was found. 
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XXIV C* Near the summit of Bowie hill, some 715 feet above Otego 
creek, about one-half mile southwest of Arnold lake, is an outcrop of rather 
coarse-grained, bluish to dark grey sandstone, containing numerous specimens 
of Spirifer mesastrialis, Hall. 'There are shaly partings with iron concretions, 
and these shales are more fossiliferous than the massive sandstones, for they 
contain numerous specimens of Spirifer mucronatus (Con.), Bill; Zropidolep- 
tus carinatus (Con.), Hall; Chonetes setigera, Hall; Rhynchonella Stevensi, 
Hall, and Liorhynchus mesacostalis, Hall. Loose pieces of bluish, arenaceous 
shales scattered over the top of the hill contain specimens of Liorhynchus 
mesacostalis, Hall, and fucoidal markings. The rocks in place near the sum- 
mit of Bowie hill clearly belong in the lower part of: the Ithaca formation. 


The complete fauna is: 


1. Spirifer mesastrialis, Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (a) 
3. Tropidoleptus carinatus (Con.), Hall. (a) 
4. Liorhynchus mesacostalis, Hall. (c) 
5. Oyrtina Hamiltonensis, Hall. (r) 
6. Chonetes setigera, Hall. (r) 
7. Lehynchonella (Camarotechia) Stevensi, Hall. (a) 


Some of the smaller specimens more closely resemble /?. eximia, 
Hall; but it is probable that the two forms blend into one species. 


8. Atrypa reticularis (Linné), Dal. (rr) 
9. Actinopteria Boydi (Con.), Hall. (c) 
10. Grammysia bisulcata (Con.), Hall (2). (rr) 


SECTION OF MT. VISION AND BOWIE HILL. 


| 
| 
| 


715/ Pena: Ct. Lthaca. Spirifer mesastrialis. 
115’ | Covered. 

viel ae C2. Sherburne (?). 
250’ | Covered. 

Be Or set C*. Hamilton. 
250’ 

Me ye ee C!. Hamilton. 
100° | Covered. 

OC MISE Ss Otego creek level at Mt. Vision. 
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XXIV: CO’. Along the outlet of Arnold lake, about 135 feet lower than 
the top of Bowie hill, are quite fossiliferous bluish sandstones and shales. 
Lower, along the highway to the southwest, are bluish thin shales with layers 
of thin concretionary sandstones which contain specimens of Liorhynchus 
mesacostalis, Hall, and Spirifer mucronatus (Con.), Bill. ‘This fauna resembles 
very closely the first of the Ithaca fauna as it appears at the top of the Sher- 
burne formation, to which horizon these rocks are referred. The following 
species were obtained from the bluish shaly sandstones at the outlet of the 
lake and have been referred to the Ithaca fauna: 


1. Liorhynchus mesacostalis, Hall. (c) 
2. Spirifer mucronatus, (Con.), Bill. (c) 
3. Spirifer mesastrialis, Hall. (c) 
4. Grammysia elliptica, Hall. (rr) 
5. (2) Terebratula (Hunella) Lincklaeni, Hall. (c) 


The imperfect form in which these specimens are preserved 
renders their identification difficult. Possibly they are narrow 
specimens of Cryptonella Hudora, Hall. 

Arnold lake is well surrounded by hills with steep banks, and the ice of 
the glacial period probably excavated its basin. 

O*. On the divide to the east of Arnold lake, from C® and somewhat 
higher, are thin olive shales and sandstones in which no fossils were found, 
except fucoid markings. The lithologic characters of the rocks and the ab- 
sence of fossils make this outcrop agree closely with those in the Sherburne 
formation. ‘To the east is a very steep hill, dropping 300 feet into the valley 
of Hinman Hollow brook; but, unfortunately, its flank is mostly coyered 
by drift. 

"XV A‘. On the small divide between Hinman Hollow brook and a 
small branch from the western side not over a mile to the northeast of Arnold 
lake, and 290 feet below the divide at C%, are ledges of coarse, bluish, arena- 
ceous shales containing Hamilton fossils in abundance. The outcrop is on the 
north side of the road and is an excellent locality for collecting. There can 


be no doubt in reference to the Hamilton age of these rocks. The fauna is: 


1. Athyris spiriferoides (Katon), Hall. (a) 
2. Cyrtina Hamiltonensis, Hall. (c) 
3. Spirifer granulosus (Con.), Hall. (c) 
4. Spirifer mucronatus (Con.), Bill. (c) 
5. Spirifer fimbriatus (Con.), Bill. (c) 


6. Chonetes scitula, Wall. / (a) 
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7. Chonetes setigera, Hall. ; @ 
8. Ambocelia umbonata (Con.), Hall. (c) 
9. Zropidoleptus carinatus (Con.), Hall. (c) 
10. Zerebratula (Eunella) Lincklaent, Vall. (c) 
11. Productella truncata, Hall (?). (rr) 
12. Atrypa reticularis (Linné), Dal. (rr) 
13. Orthothetes Chemungensis (Con.), Hall and Clarke, var. 
arctostriata, Hall. (c) 
14. Microdon (Cypricardella) tenuistriatus, Hall. (c) 
15. Chonetes coronata (Con.), Hall. (c) 
16. Leda diversa, Hall. (2) 
17. Palwoneilo muta, Hall. — (r) 
18. Nucula corbuliformis, Hall. (1r) 
19. Modiomorpha concentrica (Con.), Hall. (1r) 
20. Grammysia arcuata (Con.), Hall. (rr) 
21. (2) Phthonia cylindrica, Hall. (ar) 
22. Pterinopecten Vertumnus, Hall (2). ar) 
23. Coleolus tenwicinctus, Hall. (2r) 
24. Bellerophon, sp. (2) 


Compressed specimens that have concentric and longitudinal 
striae of about equal strength. 


25. Cypricardinia indenta (Con.), Hall. (rr) 
26. Spirifer Tullius, Hall. (rr) 
27. Orthis Vanuxemi, Hall. (r) 
28. Paleoneilo constricta (Con.), Hall. (1) 
29. Phthonia sectifrons (Con.), Hall. (ar) 
30. Schizodus appressus (Con.), Hall. (rr) 
31. Glyptodesma erectum (Con.), Hall. (rr) 
32. Microdon (Cypricardella) bellistriatus, Con. (?). (rr) 
33. Nucula bellistriata (Con.), Hall. (r) 
34. Liopteria DeKayi, Hall. (r) 
Small and young specimens, like figure 10, plate 88 (Palaeon- 
tology of New York, Vol. V, Part I). 
35, Plewrotomaria capillaria, Hall. (rr) 
36. Trilobite (fragment). (rr) 
37. Toeniopora exigua, Nicholson. (c) 


XXV A*®. Nearly one mile directly east of A’ on the high hill between 
Hinman Hollow brook and the Susquehanna river, is another small glacial 
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lake, known as Gowey or Little Pond. On the hill north of the pond and 
145 feet higher, or over 500 feet above the Susquehanna river at Clintonville, 
one and one-half miles to the southeast, are thin sandstones and bluish shales 
that are unfossiliferous. They belong in the Sherburne formation which caps 
the high hill between the Hinman Hollow brook and the Susquehanna river. 

XXV <A’*. On the divide to the east of Gowey pond, just at the be- 
ginning of the descent into the Susquehanna river valley, argillaceous shales 
with thin layers of blue sandstone show on the highway and in the field. 
This outcrop is a little more than one mile southwest of Hartwick Seminary, 
at an altitude of 400 feet above the Susquehanna river, and is typical Hamil- 
ton, both in its lithologic appearance and its fauna. The following species 
were collected : 


1. Athyris spiriferoides (Katon), Hall. (c) 
2. Tropidoleptus carinatus (Con.), Hall. ae) 
3. Chonetes coronata (Con.), Hall. (c) 
4. Spirifer mucronatus (Con.), Bill. (r) 
5. Spirifer Tullius, Hall. (ar) 
6. Ambocelia umbonata (Con.), Hall. (ar) 
7. Chonetes scitula, Hall. (rr) 
8. Orthis Vanuxemi, Hall. ‘ (rr) 
9. (2) Crania, sp. (ar) 
10, Modiomorpha concentrica (Con.), Hall. (rr) 
11. Chonetes lepida, Hall. (r) 
12. Cypricardinia indenta (Con.), Hail. ar) 
13. Nucula bellistriata (Con.), Hall. (c) 
14. Leda diversa, Hall. (ar) 
15. Schizodus appressus (Con.), Hall. (tr) 


SECTION OF HILL NORTH AND EAST OF GOWEY POND. 


BLO Cn Soe A’. Sherburne. 
AQQ! ere A*®. Hamilton. 


400’ | Mostly covered. 


Gin ees Level of Susquehanna river at Clintonville. 
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In all this region between the Unadilla and Susquehanna rivers, the hills 
are so mantled with the drift that it is frequently puzzling to determine 
precisely where to draw the line of separation between different formations. 
The streams in general afford the most satisfactory sections, although out- 
cropping ledges on the sides of the steep hills sometimes furnish valuable 
assistance. 


Milford. 


The township of Milford lies south of Hartwick and east of Laurens and 
Oneonta. The Susquehanna river flows through the eastern part of the 
township, to the east of which is a high and steep hill, while on the western 
side the hill rises much more gradually and is broken by a number of small 
valleys. ° 

AXV £'. In the northern part of the township is the village of Mil- 
' ford, and nearly one mile north of the village is a gorge along a small brook. 
At the old mill the channel of the brook is narrow, with rock walls which 
afford an excellent idea of the nature of the rather thin shales of the upper 
Hamilton. The blue shales with which some thin sandstones alternate, 
contain abundant specimens of Spirifer mucronatus (Con.), Bill, and the 
complete list is: 

1. Spirifer mucronatus (Con.), Bill. (a) 


2. Chonetes lepida, Wall. . (1r) 
3. Tropidoleptus carinatus (Con.), Hall. (rr) 
4. Paleoneilo fecunda, Hall. (ar) 


XXV B. At the upper end of the short gorge, just below the highway 
bridge, are bluish argillaceous shales in which Hamilton fossils are abundant. 
The locality is about thirty feet above B* and perhaps 130 feet above the 
hotel in Milford. This is a good locality for collecting, and the following 


species were obtained in a short time: 


1. Spirifer mucronatus (Con.), Bill. (aa) 
2. Chonetes setigera, Hall. (aa) 
3. Chonetes lepida, Hall. (c) 
4. Tropidoleptus carinatus (Con.), Mall. 2{G)) 
5. Chonetes scitula, Hall. (1r) 
6. Orbiculoidea, sp. | (r) 
7. Nuculites triqueter, Con. (ar) 
8. Schizodus appressus (Con.), Hall. (c) 


9. Paleoneilo constricta (Con.), Hall. (ir) 
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10. Microdon (Cypricardella) tenwistriatus (2), Hall. 


11. Goniophora Hamiltonensis (Hall), Miller. (rr) 
12. Nucula lirata (Con.), Hall. (ar) 
13. Grammysia arcuata (Con.), Hall. (rr) 
14. Cimitaria recurva (Con.), Hall. (rr) 
15. Palwoneilo maxima (Con.), Hall. — (tr) 
16. Modiomorpha mytiloides (Con.), Hall. (rr) 


17. Dalmanites (Crypheus) Boothi (Green), Hall. (ar) 

XXV (C*. This station is located at the point where the “Gulf road ” 
crosses the brook at the falls, one mile northwest of Milford, and about two 
hundred and ten feet higher than the hotel. The rocks forming the falls are 
coarse, arenaceous Hamilton shales, containing numerous specimens of Sp7r7fer 
granulosus (Con.), Hall and Clarke, together with other fossils usually found 
in the coarser Hamilton shales. Along the highway just above the falls are— 
finer shales, in which only the smaller forms of fossils occur. The fauna is: 


1. Spirifer granulosus (Con.), Hall and Clarke. (a) 
2. Tropidoleptus carinatus (Con.), Hall. (c) 
3. Chonetes coronata (Con.), Hall. (1) 
4. Cyrtina Hamiltonensis, Hall. () 
5. Spirifer fimbriatus (Con.), Bill. (ar) 
6. Platyceras conicum, Hall (2). (17) 
7. Crinoid segments. (c) 
8. Spirifer mucronatus (Con.), Bill. (rr) 
9. Macrodon Hamiltonia, Hall. (rr) 
10. Modiomorpha concentrica (Con.), Hall. (ar) 
11. Microdon (Cypricardella) tenuistriatus, Hall (2). (tr) 
12. Nucula corbuliformis, Hall. (rr) 
13. Mytilarca (Plethomytilus) oviformis (Con.), Hall. (x) 
14. Aviculopecten princeps (Con.), Hall (2). ar) 
15. Pleurotomaria capillaria, Con. (rr) 
16. Coleolus tenuicinctum, Hall. (rr) 


XXV J". Exposures along a small brook one and one-quarter miles 
southwest of Milford, to the north of the Edson’s Corners road, and 195 feet 
above the Susquehanna river at Portlandville. Moderately coarse shales con- 
tain numerous Hamilton fossils, and the rocks are unhesitatingly referred 
to the Hamilton formation. The fauna is: 

1. Tropidoleptus carinatus (Con.), Hall. (7) 

2. Chonetes coronata (Con.), Hall. (rr) 
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3. Chonetes setigera, Hall. (1) 
4. Nucula corbuliformis, Hall. (Tr) 
5. Nucula bellistriata (Con.), Hall. (1) 
6. Nuculites triqueter, Con. (vr) 
7. Leda diversa, Hall. (ar) 
8. Ambocalia wmbonata (Con.), Hall. (rr) 
9, Pleurotomaria capillaria, Con. (ar) 


XXV J. In the field to the north of the brook and 225 feet higher, 
or 420 feet above the river, is a ledge of arenaceous shales and thin sand- 
stones. The shales are partly thin and even-bedded, similar to the Sherburne, 
and unfossiliferous, with the exception of a layer possibly one inch thick. 
The thin layer in which the fossils occur is largely composed of specimens 
of Spirifer. A few of these are quite large, with the form and conspicuous 
fine striae of Spirifer mesastrialis, Hall; but the majority of them approach 
in form, nearer to Spirifer Tullius, Hall. These were the only fossils found 
at this exposure, and, as far as observed, were confined to the one-inch layer. 
I am inclined to regard them as representing the first of the Ithaca fauna 
appearing in rocks that are synchronous with the upper part of the Sher- 
burne formation in the Chenango valley. 

On the river road, one mile south of the point at which the Edson’s 
Corners road joins it, are bluish shales that contain some Hamilton fossils. 
At this locality these shales are some sixty feet above the Susquehanna river 
level. The top of the Hamilton is considered to pass beneath the river level 
in the vicinity of Portlandville. 

XXII FE. Short gorge in small brook just northwest of Milford Centre, 
about one and one-quarter miles southwest of Portlandville, or five miles 
southwest of Milford. In the glen, forty-five feet of shales and thin bluish 
sandstones are well exposed, and afford a good illustration of the unfossilifer- 
ous Sherburne rocks of the Susquehanna valley. In some of the blue, 
arenaceous, thin sandstones are fucoidal markings very similar in shape and 
general appearance to those figured by Vanuxem and Hall as Hucoides 
graphica, Van., from the Portage of central and western New York. 

XXII HK. In the brook at the upper bridge and ten feet above the top 
of the gorge, are bluish, quite fossiliferous, rather arenaceous shales that con- 
tain the lower Ithaca fauna, Spirifers occurring in several layers. The 
locality is approximately 200 feet above the Susquehanna river level at 
Portlandville, which would indicate a thickness of at least 200 feet for the 
Sherburne formation in the Susquehanna valley. The fauna is: 
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1. Spirifer mucronatus (Con.), Bill. (a) 
Long mucronate specimens. 

2. Chonetes setigera, Hall. (aa) 
Typical specimens. 

3. Paleoneilo emarginata (Con.), Hall. (ar) 

4. Grammysia elliptica, Hall (2). (rr) 

5. Liorhynchus mesacostalis, Hall. (rr) 

6. Segments of small Crénoid stems. (a) 


SECTION OF THE MILFORD CENTRE GLEN. 


D00%s es eeee | E%, Tthaca. 
10’ 
190’ Vee 
45’ | E* Sherburne of glen. : 
145" ee 
| 145’ | Covered. 
Of he aaa Susquehanna river level at Portlandville. 


ANXIT 1. On the river road, about two miles south of Milford Centre, 
or one-half mile north of Colliersville, are bluish shales by the side of the 
highway. This exposure is eighty feet higher than the Delaware and Hudson 
railroad at South Milford. Most of the rock consists of thin, blue, arenaceous 
shales, like those of the Sherburne formation, although a few fossils, small 
specimens of Spirifer mucronatus (Con.), Bill, and two imperfectly preserved 
specimens of Chonetes scitula, Hall, were found. On the hill to the north- 
east of South Milford, in the edge of Maryland township, are exposures of 
the Sherburne sandstones some 140 feet higher than the South Milford 
railroad station. 

XXV #'. Crossing the Susquehanna river at Portlandville, the line of 
division between the Hamilton and Sherburne was followed northeasterly along 
the western slope of the steep Crumhorn mountain. About one and one-half 
miles southeast of Milford, and below the corner of the road for Crumhorn 
lake, are ledges of rather coarse, arenaceous Hamilton shales on the side of the 
hill, perhaps 150 feet higher than the river. These shales contain a character- 


istic Hamilton fauna, as may be seen from the following list: 


'dNOYD VOVHL| "VLNOSNO 4O 1SaM AYNVNO SLIHM\ SHE 


Prosser—Hamitron ann CHemune Serres. 203 


1. Spirifer granulosus (Con.), Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (c) 
3. Spirifer Tuciins, Hall. (Vr) 
4. Chonetes coronata (Con.), Hall. (c) 
5. Tropidoleptus carinatus (Con.), Hall. (a) 
6. Stropheodonta demissa (Con.), Hall (2). (1r) 
7. Orthothetes Chemungensis (Con.), Hall and Clarke. (rr) 
8. Cyrtina Hamiltonensis, Hall. (rT) 
9. TLerebratula (Hunella) Lincklaeni, Hall. (1r) 


About opposite Milford village, the Cherry Valley creek enters the Sus- 
quehanna river from the east. The top of the Hamilton follows the western 
side of Crumhorn mountain, on the eastern side of Cherry Valley creek, to the 
northeast into Westford township. In the brook southeast of Westville 
village, 420 feet above it and five and one-quarter miles northeast of Milford 
village, are bluish shales containing plenty of Hamilton fossils and belonging 
to the Hamilton formation. The fauna is: 


1. Spirifer Tullius, Hall. (r) 
2. Spirifer mucronatus (Con.), Bill. (Qr) 
‘3. Chonetes coronata (Con.), Hall. (1r) 
4. Chonetes. scitula, Hall. (rr) 
5. Chonetes setigera, Hall. (r) 
6. Ambocelia umbonata (Con.), Hall. (ar) 
7. Crania Hamiltoniw, Hall (2). (ar) 
8. Nucula bellistriata (Con.), Hall. (ar) 
9. Grammysia (Sphenomya) cuneata, Hall. (rr) 


In the upper part of the “Gulf,” about one and one-half miles east of 
Westville, 560 feet above the village, are even shales and thin sandstones that 
are apparently unfossiliferous and belong in the Sherburne formation. Loose 
specimens contain Tropidoleptus carinatus (Con.), Hall. The top of the hill 
is some 900 feet above Westville village. 


XXV G. The top of the Hamilton follows around the side of the 
steep hill to the northeast of Westville, and is crossed by the hill road wind- 
ing down the steep northeastern side toward Westford village, about two and 
one-half miles from Westville. The upper part of the hill is composed of the 
arenaceous shales and thin sandstones of the Sherburne formation ; but on the 
road, 525 feet above the valley of Elk creek, two miles below Westford, are 
blnish argillaceous shales which break into rather smal] pieces and contain 
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specimens of the smaller Hamilton fossils. The following species were 


collected : 
1. Chonetes scitula, Hall. (ar) 
2. Spirifer mucronatus (Con.), Bill. (rr) 
3. Tropidoleptus carinatus (Con.), Hall. (rr) 
4. Orthis Vanucemi, Hall. (r) 
5. Nuculites triqueter, Con. (rr) 


Maryland. 


This township lies to the east of Milford and south of Westford town- 
ships. Topographicaily it consists of very steep high hills separated by narrow 
valleys, giving the township a very rugged surface. Along its western side 
is Crumhorn mountain, a steep and high hill, while Schenevus creek flows 
from the northeast to the southwest diagonally across the township, and 
south of it is another steep hill. 

XXIT C*. A ledge of thin argillaceous shales is excellently exposed 
by the side of the street in the northeastern part of the village of Schenevus, 
to the east of Smoky Hollow brook. The road-cut reveals twenty feet of 
the shales, the base of which is perhaps 120 feet above the level of Scheneyus 
creek, The shales have rather sharp edges, are of very dark blue to blackish 
color, and in lithologic characters resemble quite closely the thin shales of the 
Ludlowville and Moscow divisions of western New York, or the so-called 
“Genesee shales” (which are of upper Hamilton age) in northeastern Penn- 
sylvania.’ 

These shales contain an abundance of characteristic Hamilton fossils and 
furnish one of the best localities for collecting noted in the eastern part of 
Otsego county. The following species were obtained : 


1. Spirifer granulosus (Con.), Hall. (r) 
2. Spirifer mucronatus (Con.), Bill. (c) 
3. Spirifer Tullius, Hall. (ec) 
4. Spirifer fimbriatus (Con.), Hall. (rr) 
5. Athyris spixiferoides (Eaton), Hall. (c) 
6. Chonetes coronata (Con.), Hall. (c) 
7. Ambocelia umbonata (Con.), Hall. (c) 
8. Lropidoleptus carinatus (Con.), Hall. (a) 
9. Cyrtina Hamiltonensis, Hall. (ar) 


1 See Bulletin No. 120, United States Geological Survey; The Devonian system of eastern Pennsylvania and New York, pp. 
36, 71, etc., for a discussion of the correlation of the fossiliferous shales in northeastern Pennsylvania. - 
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10, Cryptonella (Hunella) Lincklaeni, Wall. (1r) 
11. Orbiculoidea Doria, Hall (?). () 
Dorsal valves very convex with high apex. Rather large for 


this species. 


12. Crania (Craniella) Hamiltoniw, Hall. (ar) 
13. Nucula bellistriata (Con.), Hall. (a) 
14. Nucula corbuliformis, Mall. () 
15. Nuculites triqueter, Con. (c) 
16. Nuculites oblongatus, Con. (c) 
17. Nucula lirata (Con.), Hall. (ar) 
18. Palwoneilo muta, Hall. (11) 
19. Paleoneilo constricta (Con.), Hall. (c) 
20. Leda diversa, Hall. (c) 
21. Leda rostellata (Con.), Hall. (11) 
22. Microdon (Cypricardella) bellistriatus (Con.), Hall. (aa) 
23. Modiomorpha subalata (Con.), Hall. (c) 
24. Grammysia bisulcata (Con.), Hall. (r) 
25. Tellinopsis subemarginata (Con.), Hall. (ar) 
26. Phthonia sectifrons (Con.), Hall. (zr) 
27. Prothyris lanceolata, Hall. (1r) 
28. Modiella pygmea (Con.), Hall. (Qr) 
29. Macrodon Hamiltonie, Hall. (c) 
30. Orthonota (2) parvula, Hall. (vr) 
31. Modiomorpha mytiloides (Con.), Hall. (ar) 
32. Goniophora Hamiltonensis, Hall. (rr) 
33. Orthonota carinata, Con. (ar) 
34. Orthonota undulata, Con. (ar) 
35. Schizodus appressus (Con.), Hall. (1) 
36. Lingula densa, Hall (?). 

37. LHyolithes aclis, Hall. (ar) 
38. Coleolus tenuicinctum, Wall. (c) 
39. Liopteria Dekayi, Hall. (1r) 
40. Pleurotomaria capillaria, Con. (rr) 
41. Cf. Murchisonia micula (Hall), Miller. (ar) 


Imperfect internal impressions, only five volutions seen, but 
evidence of carina on centre of body whorl. 
42. (2) Psilophyton princeps, Dn. ar) 
43. Orthothetes Chemungensis (Con.), Hall, var. arctostriata, Ve Er aie 
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44, Palwoneilo emarginata (Con.), Hall. (rr) 
45. Chonetes scitula, Hall. (1r) 
46. Chonetes setigera, Hall. ; (rr) 


XXII C*. On the Schenevus creek road, one and one-half miles below 
C*, or about one-half mile east of Chaseville, is another outcrop of dark blue 
and blackish finely arenaceous shales of the Hamilton formation, containing an 
abundant fauna. The ledge is from twenty to twenty-five feet high, about 
ninety feet lower than C*, and thirty feet above the creek level. This ledge 
shows a dip of more than 10° 8. 57° W., which means a dip in that direction 


of over one hundred feet per mile. The fauna is as follows: 


1. Spirifer granulosus (Con.), Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (7) 
3. Spirifer fimbriatus (Con.), Bill. a0) 
4. Chonetes carinata (Con.), Hall. (c) 
5. Spirifer Tullius, Hall. (r) 
6. Zropidoleptus carinatus (Con.), Hall. (rr) 
7. Athyris spiriferoides (Katon), Hall. (c) 
8. Tellinopsis subemarginata (Con.), Hall. (rr) 
9. Orthis Vanuxemi, Hall (2). (rr) 
10. Chonetes lepida, Hall.. (1) 
11. Cryptonella (Hunella) Lincklaeni, Hall (4). (ar) 
12. Paleoneilo maxima (Con.), Hall. (rr) 
13. Paleoneilo constricta (Con.), Hall. (1) 
14. Ambocelia umbonata (Con.), Hall. (vr) 
15. Nucula bellistriata (Con.), Hall. (c) 
16, Leda diversa, Hall. (c) 
17. Nuculites triqueter, Con. (1r) 
18. Nuculites oblongatus, Con. (ir) 
19. Palwoneilo muta, Hall. (ar) 
20. Microdon (Cypricardella) bellistriata, Con. (rr) 
21. Schizodus appressus (Con.), Hall. (r) 
22. Pleurotomaria capillaria, Con. (1) 
23. Lingula (Dignomia) alveata, Hall (?). ar) 


AXATI 1. South of the Schenevus creek, opposite Schenevus village, is 
a steep hill, on the side of which, along the highway and a small brook, are 
frequent exposures. The lower part of the hill is composed of bluish-black 


regular shales that contain Hamilton fossils, and belong to that formation. 
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These shales extend up the hillside 185 feet higher than the level of the 
railroad, Near the foot of the hill they are quite fossiliferous, the following 


species 


10. 
1a 
12. 
13. 
At 


having been obtained : 


. Spirtfer Tullius, Mall. 

. Microdon (Cypricardella) bellistriata (Con.), Hall. 
. Modiella pygmea (Con.), Hall. 

. Tropidoleptus carinatus (Con.), Hall. 

. Nuculites oblongatus, Con., var. 

. Phacops rana (Green), Hall. 

. Orthoceras coelamen, Hall. 

. Rhodea pinnata, Dn. 

. Spirifer mucronatus (Con.), Bill. 


Grammysia subarcuata, Wall, 

Chonetes coronata, Con. 

Paleoneilo emarginata (Con.), Hall (?). 

Nucula corbuliformis, Hall (?). 

nearly the top of the Hamilton shales, by the side of the highway, 


the following species were collected : 


1. Vitulina pustulosa, Hall. (c) 
2. Tropidoleptus carinatus (Con.), Hall. (c) 
3. Spirifer Tullius, Hall. () 
4. Chonetes coronata (Con.), Hall. (rr) 
5, Microdon (Cypricardella) tenuistriatus, Hall. (rr) 


XXIT J*. Above the Hamilton are 175 feet of thin sandstones alternat- 


ing wit 


h greenish argillaceous shales. These rocks belong in the Sherburne 


formation. No fossils were found. 
XXIT J*. Just above the even shales of I? is an irregular layer that 


contains clay pebbles of various forms and some fossils, the species mentioned 


below having been obtained : 


ily 


Spirifer Tullius, Hall. (r) 
Tropidoleptus carinatus (Con.), Hall. 

Leda diversa, Hall. 4 (x) 
Microdon (Cypricardella) tenvistriatus, Wall. (r) 
Palwoneilo constricta (Con.), Hall (@). (1r) 
Modiomorpha cf. subalata .(Con.), Wall, var. 


Chemungensis, Hall. (r) 
A larger and longer specimen than any of the figures of the 


above species. 
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A little higher on the highway is quite a prominent concretionary sand- 
stone, like the strata noted at other localities in the Ithaca formation. This 
fauna and irregular lithologic structure occur at what may be considered the 
base of the Ithaca formation in this section. About sixty feet above its base 
by the roadside is an old stone quarry, which has been worked to some 
extent for building stone. The shaly partings are quite fossiliferous, and 
several good specimens of Spirifer mesastrialis were found. The fauna and 
stratigraphic position of this zone are considered to indicate that it clearly 
belongs in the Ithaca formation as it is developed in the eastern part of 
Otsego county. The species mentioned below were collected here : 


1. Spiriter mesastrialis, Hall. (c) 
2. Paracyclas lirata (Con.), Hall. (rr) 
3. Tellinopsis subemarginata (Con.), Hall. ett) 
4. Nucula bellistriata (Con.), Hall (1) 
5. Actinopteria Boydi, Con. (c) 
6. Actinopteria zeta, Hall (2). (r) 
7. Pleurotomaria capillaria, Con. (c) 
8. Paleoneilo emarginata (Con.), Hall. (rr) 
9. Chonetes setigera, Hall. (rr) 
10. Spirifer mucronatus (Con.), Bill (2). (r) 
11. Pterinopecten suborbicularis, Hall (2). (rr) 
12. Phacops rana (Green), Hall. (r) 
13. Grammysia subarcuata, Hall. (ar) 


Somewhat above the quarry a stratum of thin sandstone was seen (i=) 


which contains some fossils; the following were obtained 


1. Tropidoleptus carinatus (Con.), Hall. (r) 
2. Spirifer mesastrialis, Hall. (2r) 
3. Spirifer mucronatus (Con.), Bill. (rr) 
4. Goniophora Hamiiltonensis, Hall. (ar) 


XXII J*, At 260 feet above the quarry, or 680 feet above the railroad 
level on the top of the hill by the schoolhouse, is the base of a greenish, 
coarse-grained sandstone, which marks the base of the Oneonta sandstone. 
This massive stone remains very near the surface, and large blocks of it lie on 
the ground so that the country for one mile to the south has a very rocky 
appearance. 

The above section for the hill south of Schenevus gives a thickness of 
320 feet for the Ithaca formation and 175 feet for the Sherburne, or 495 feet 
for the two; and at the bottom more than 185 feet of the upper Hamilton. 
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SECTION OF HILL SOUTH OF SCHENEVUS. 


DG.) OTF 


680" 


420’ 


360! 


185’ 


0’ 


Top of hill approximately 2,000 feet A. T. 


55’ | It : Oneonta. 


260/ Ithaca. 


ates I Quarry. 


Sy tere I. Layer with pebbles and fossils. 
175’ | P. Sherburne. 

Approximate top of Hamilton. 

185’ | LT. Hamilton. 


eee Railroad level at Schenevus 1,272 feet A. T. 


SL OGHEI TE 


on both sides, 


To the north of Chaseville is a small brook, with steep hills 


that on the north rising over 900 feet above the level of 


Schenevus creek at Chaseville. Near the top of the rock exposures in the 


glen and about 215 feet above the creek level at Chaseville, are blue, argilla- 


ceous shales containing Hamilton fossils. -This outcrop belongs in the 


Hamilton formation, and the following species were obtained : 


1. Tropidoleptus carinatus (Con.), Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (1r) 
3. Chonetes setigera, Hall. (1) 
4. Orbiculoidea Doria, Wall (4). (rr) 
5. Palwoneilo maxima (Con.), Hall. (ar) 
6. Nuculites oblongatus, Con. (ar) 
7. Nucula belistriata (Con.), Hall. (1) 
8. Phthonia sectifrons (Con.), Hall (4). (ar) 
9. Paleoneilo constricta (Con.), Hall. ar) 
10. Coleolus tenuicinctum, Hall. (rr) 
11. Bellerophon, sp. (r) 
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XXI/ H*. On the road along the western side of the brook, 210 feet 
above H’, are thin, unfossiliferous sandstones and arenaceous shales resembling 
the Sherburne formation in lithologic characters and probably belonging 
to it. <A little higher, a concretionary stratum crosses the road; while at 582 
feet above the creek level, or 157 feet higher than the lowest exposures of H?, 
sandstones similar to those of the Sherburne are exposed on the road. 


XXIT H*. On the road almost at the summit of the divide, two miles 
north of Chaseville and twenty-three miles northwest of Schenevus, are argil- 
laceous shales and shaly sandstones at an elevation of over 850 feet above 
Schenevus creek. Spirifer mesastrialis, Hall, occurs abundantly in certain 
layers of these shales, and they are unhesitatingly referred’ to the Ithaca for- 


mation. The outcrop is a small one, but afforded the following species : 


1. Spiriter mesastrialis, Hall. (a) 
2. Ehynchonella cximia, Hall. (c) 
3. Goniophora, sp. (ar) 
4. Pleurotomaria ct. rotalia, Hall. (c) 


XXII H*, On the hillside north of the road and fifty feet higher than 
H’, are plenty of arenaceous shales and thin sandstones containing an abun- 
dance of the species which occur in the Ithaca formation of Otsego county. 
The rocks closely resemble those that are found on the hill west of Oneonta 


above the White quarry, and contain a similar fauna. The species are: 


1. Spirifer mucronatus (Con.), Bill. (a) 
2. Spirifer mesastrialis, Hall. (c) 
3. Tropidoleptus carinatus (Con.), Hall. (rr) 
4. Chonetes setigera, Hall. (rr) 
5. Rhynchonella eximia, Hall, or A. Stevensi, Hall. (c) 
6. Nucula corbuliformis, Hall. ; (a) 
7. Paraeyclas lirata (Con.), Hall. (rr) 
8. Palwoneilo maxima (Con.), Hall. (rr) 
9. Nuculites cuneiformis, Con. (rr) 
10. Tentaculites cf. attenuatus, Hall. eo) 


XXII H*®. On the top of this high hill, some 930 feet above the level 
of Schenevus creék at Chaseville, and scarcely twenty-five feet above H*4 is a 
ledge of irregularly bedded, coarse-grained, greenish-grey sandstones resem- 
bling in all respects the greenish-grey sandstones of the Oneonta formation in 
the vicinity of Oneonta, and this stratum is regarded as forming the base of 


that formation, and has been so indicated on the accompanying geologic map. 
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The Chaseville section may be tabulated as follows: 


SECTION OF XXII H. 


930'- aS Oneonta sandstone on top of hill. 


hehe 
SNe. 2 aca H*. Jthaca in field. 
50/ 
Saf a eee eee at H?. Jthaca m road. 
DHTMSS. 
DOL a eens Covered. 


| 1897 | Sherburne. 


AW Ig tee -.| Concretionary stratum. 
18’ 
Al Yayo <M ee H?. Sherburne. 
‘ 910’ | Covered. 
OVC male Seeman H*. Hamilton shales. 
Dalits 
(QE ean ates ...| Schenevus creek level at Chaseville. 


The above section shows that north of Chaseville, the thickness of the 
Sherburne and Ithaca formations is between 505 and 715 feet. 

AXXIT B. On the south side of Schenevus creek, three-quarters of a 
mile to the southwest of Chaseville, is a brook which affords a good section of 
over 500 feet. In the lower part, and but a short distance above the high- 
way, are thin, argillaceous shales, containing only a few fossils, among them 
Tropidoleptus carinatus (Con.), Hall. A little higher, the shales are coarser, 
blocky, and contain quite a number of Hamilton species. The lithologic 
characters of the lower shales are nearer those of the Sherburne formation, 


and the upper shales bear those of the Hamilton. The fauna is: 


1. Tropidoleptus carinatus (Con.), Hall. (c) 
2. Spiriter mucronatus (Con.), Bill. (rr) 
3. Lingula densa, Hall (?¢). (1r) 
4. Palconeilo constricta (Con.), Hall. (17) 
5. Paleoneilo muta, Hall. (rr) 
6. Grammysia alveata (Con.), Hall (2). (rr) 
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7. Leptodesma Rogers, Hall. (r) 
8. Liopteria DeKay?, Hall. (rr) 
9. Bellerophon acutilira, Hall (2). (ar) 


The striae are coarser than those in the species represented in 


the figures, 


XX// L°. The shales are more arenaceous than those of B', alternating 
with thin sandstones. The rocks are of bluish color, and fossils are rare, 


only three species being found : 


1. Zropidoleptus carinatus (Con.), Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (7) 
3. Spirifer Tullius, Hall. (c) 


XXII 5°. Above the first fall is a rather thin, somewhat coarse-grained 
sandstone, in which fossils are rare. In thin layers several specimens of 
Liorhynchus were found, though poorly preserved. As a rule, however, the 
rocks are quite destitute of fossils. The fauna of B? is: 


1. Liorhynchus mesacostalis, Hall. (7) 


Lo 


Crania, sp. (c) 
Poorly preserved, possibly C. Leond, Hall. 
3. (2) Cryptonella Eudora, Hall. (ar) 


XXII £b*. Thin, blue-grey sandstones and arenaceous shales, which 
contain numerous specimens of  Spirifer mesastrialis, Hall; Spirifer 
mucronatus (Con.), Bill.; Zropidoleptus carinatus (Con.), Hall, and other 
fossils. These. sandstones are near the top of the hill, nearly 500 feet 
above the level of the creek and ‘are clearly in the Ithaca formation. The 


fauna is: 


1. Spirifer mesastrialis, Hall. (a) 
2. Spirifer mucronatus (Con.), Bill. (c) 
3. Tropidoleptus carinatus (Con.), Hall. (c) 
4. Chonetes scitula, Hall. (a) 
5. Lhynchonella (Camarotechia) eximia, Hall. | (1r) 
6. Rhynchonella (Camarotechia) Stevensi, Hall. (r) 
7. Liorhynchus mesacostalis, Hall. (rr) 
8. Nucula bellistriata (Con.), Hall. (rr) 
9. Palwoneilo constricta (Con.), Hall, (1r) 
10. Leptodesma Rogersi, Hall (?). (r) 


11. Actinopteria, sp. Meike) 
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SECTION OF XXII B. 


600 Near the summit of the hill. 
| 110° | Wihaca. 
LSS Scere eee BY. Sandstones with Spirifer mesastrialis, 
ne) ae 
BO ere ee | Coarse-grained sandstones. 
T2022) 
230) Tica — B® Sandstones with Liorhynchus. 
45/ | 
135 yee Be Small: Spirifert. 
bo | 
180’ [| B Shales with Hamilton fossils. 
130’ | 
ar cee ealeneas Level of Schenevus creek. 


XXII 5°, On the road leading over the steep hill south of the village 
of Maryland are, toward the summit of the hill, exposures of the Ithaca forma- 
tion. One at an elevation of 470 feet above the creek level at Maryland, con- 
tains numerous species of the Ithaca fauna, as will be seen from the list : 

1. Spirifer mucronatus (Con.), Bill. (c) 
Part of the specimens have decided mucronate extensions of the 


shell and are typical. 


2. Spirifer mesastrialis, Hall. (rr) 
3. Tropidoleptus carinatus (Con.), Hall. (c) 
4. L?ehynchonella (Camarotechia) Stevensi, Hall. Gary 
5. Rhynchonella (Camarotechia) exwimia, Hall. (r) 
6. Chonetes scitula, Hall. (c) 
7. Fragments of Gastropods. (¢) Pleurotomaria, sp. (1Y) 
8. Palwoneilo, sp. (1r) 
9. Coleolus aciculum, Hall (4). (11) 
10. Orthoceras, sp. (r) 
11. Homalonotus DeKayi (Green), Emm. nern) 


AXII B*. Fifty feet higher, or 620 feet above the creek, near. the 
summit of the hill, are massive ledges of greenish-grey coarse-grained sand 
‘stone, which form the base of the Oneonta sandstone. Judging from outcrops 
to the north of the village of Maryland, the Hamilton formation runs along 
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the creek valley at this locality, so that the thickness of the Sherburne and 
Ithaca formations in the hill to the south of Maryland is less than 600 feet. 

XXIT A. In the vicinity of Maryland village, two brooks enter Sche- 
nevus creek from the north; Whitney brook, which flows through the eastern 
part of the village, and Morehouse brook, about three-fifths of a mile farther 
west. Their general direction is to the southwest, each side being flanked 
by very steep hills. The hill forming the divide between them is especially 
steep and narrow, and is known in that region as Little Crumhorn mountain. 
Along Whitney brook, after reaching an altitude of seventy feet above Sche- 
nevus creek, are frequent ledges and cliffs of rocks until the upper part of its 
course is reached. From these outcrops the following section along this brook 
was constructed, the divisions being characterized as follows: 

The first outcrop is seventy feet above Schenevus creek level, where a 
stratum of blue sandstone (A?), two and one-half feet thick, crosses the brook. 
No fossils were found, but it has the usual lithologic characters of the rather 
heavy layers of Hamilton sandstone. 

XXII A*. For thirty feet above the first sandstone stratum there are 
numerous outcrops of shaly sandstones, sbales and bluish sandstones along 
the bed and banks of the brook about one-quarter of a mile northeast of 
Maryland village. Some of the beds are of typical Hamilton character, con- 
taining a great abundance of Hamilton species, while others are thin, rather 
even sandstones, with a greenish rather than bluish tint, resembling con- 
siderably some of the Ithaca layers of Tompkins and Cortland counties. 
Some of the layers containing abundant Hamilton fossils are of a very dark 


color, almost black. The fauna is as follows: 


1. Spirifer granulosus (Con.), Hall. (a) 
2. Spirifer Tullius, Hall. (r) 
3. Cyrtina Hamiltonensis, Hall. (1) 
4. Tropidoleptus carinatus (Con.), Hall. (c) 
5. Modiomorpha concentrica (Con.), Hall. (rr) 
6. Phthonia sectifrons (Con.), Hall (4). (rr) 
7. Athyris spiriferoides (Eaton), Hall. (ar) 
8. Palwoneilo muta, Hall. (rr) 
9. Grammysia bisulcata (Con.), Hall. (ar) 


Loose on the highway to the west of the brook and higher than A*, the 
following species were collected : 

1. Nucula bellistriata (Con.), Hall. (1) 

2. Paleoneilo constricta (Con.), Hall. 3 
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FOOT OF WAUHALLA MOUNTAIN, ON THE SCHOHARIE CREEK, NORTH OF BREAKABEEN 
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3. Tropidoleptus carinatus (Con.), Hall. (7) 
4. Athyris spiriferoides (Katon), Hall (¢). (rr) 


AXX/T A* At an elevation of one hundred feet, the bluish shales con- 
taining an abundant Hamilton fauna are succeeded by greenish to bluish 
unfossiliferous shales and thin sandstones. This zone is about seventy-five 
feet thick and forms the bottom of the brook for some distance. 

XX/T A®. At the top of these greenish rocks, and 175 feet above the 
level of Schenevus creek, are blackish to bluish, sharp argillaceous shales, 
some forty-five feet of which occur along the banks of the creek. They con- 
tain plenty of fossils, the following list of species having been obtained in a 


comparatively short time : 


1. Spirifer granulosus (Con.), Hall. (c) 
2. Spirifer mucronatus (Con.), Bill. (rr) 
3. Spirifer Tullius, Wall. (ar) 
4. Atrypa reticularis (Linné), Dal. (1) 
5. Liorhynchus multicosta, Hall. (rr) 
6. Zropidoleptus carinatus (Con.), Hall. (c) 
7. Chonetes mucronata, Hall. (ar) 
8. Athyris ef. Cora, Hall. (ar) 


One poorly preserved specimen, resembling this species more 


closely than A. spiriferoides (Eaton), Hall. 


9. Nucula bellistriata (Con.), Hall. (c) 
10. Nucula corbuliformis, Hall. (ar) 
11. Palwoneilo constricta (Con.), Hall. (rr) 
12. Nuculites triqueter, Con. (2) 
13. Nuculites oblongatus, Con. (rr) 
14. Modiomorpha concentrica (Con.), Hall. (rr) 
15. Schizodus appressus (Con.), Hall. (rr) 
16. Modiomorpha mytiloides (Con.), Hall. (17r) 
17. Microdon (Cypricardella) tenuistriatus, Hall (¢). (ar) 
18. Cyclonema Hamiltonie, Hall. (ar) 
19. Orthoceras crotalum, Hall. (2r) 


When this section was studied, the author was not positive whether the 
top of zone A® should be considered the top of the Hamilton formation and 
the abundant fossils of A® a recurrent Hamilton fauna in the Sherburne for- 
mation, or whether the forty-five feet of zone A’ should be referred to the 
Hamilton. However, after examining the fauna of A’ and comparing the 
section with the others of that vicinity it seems better to consider the top of 
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A? as the upper limit of the Hamilton. In the section to the north of Chase- 
ville, which is one and one-half miles east of Whitney brook, the Hamilton 
formation and fauna were found up to 215 feet above Schenevus creek. The 
next 210 feet are covered, but it is probable that the Hamilton formation 
extends considerably higher, since on the south side of Schenevus creek oppo- 
site Schenevus and Maryland the combined, thickness of the Sherburne and 
Ithaca formations is about 500 feet, while it is 715 feet from the top of the 
last Hamilton exposure in the brook north of Chaseville to the bottom of the 
Oneonta sandstone. 

XXII A*. About twenty-five feet above the top of A® is the foot 
of a cascade at a distance of about one and one-quarter miles from the 
village. The rocks are bluish argillaceous, and even arenaceous shales that 
weather to a slightly olive tint. They contain but few fossils, though they 
show plenty of fucoidal and mud markings. In this latter character and their 
lithologic appearance they clearly resemble the Sherburne shales. Only frag- 
ments of these fossils were found : 

1. Spirifer cf. mucronatus (Con.), Bill. . (rr) 

2. Liopteria DeKayi, Hall. (rr) 

XXII A*. The lithologic characters of the shales between the two falls 
are quite similar to those below the falls, and they contain afew fossils. Ina 
thin layer about ten feet above the top of the lower falls are a considerable 
number of specimens of Ziéngula. The complete list is: 

1. Lingula punctata, Hall (2). (c) 

The specimens are not quite as broad as the figures of this species, 
except figure 6f, plate 1 (Palaeontology of New York, Vol. IV), 


but the shell shows fine puncte. 


2. Tropidoleptus carinatus (Con.), Hall. (rr) 
3, Spirifer, sp. (ar) 
Two small and imperfect specimens. 
4. Nuculites triqueter, Con. (rr) 
5. Bellerophon, sp. ar) 
Fragments that have markings somewhat like those of 2. Leda, 
Hall. 
6. (4) Phodea pinnata, Dn. ; (rr) 


Stem like the above plant, except that the branching is alternate 
instead of opposite as in that species. 
XXII A‘. Near the top of the second falls, 290 feet above the Sche- 


nevus creek, are bluish, slightly irregular shales, which contain a number of 
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fossils. The fossiliferous layer is only about six inches in thickness, and 


contains the following species : 


1. Spirifer mucronatus (Con.), Bill. (r) 
2. Spirifer mesustrialis, Wall (2). (rr) 
3. Spirifer fimbriatus (Con.), Bill. (ar) 
4. Chonetes setigera, Hall. ar) 
5. Chonetes lepida, Hall. (1r) 
6. Stropheodonta (Leptostrophia) cf. perplana (Con.), Hall. (7) 
7. Lingula, sp. (rr) 
8. Goniophora Hamiltonensis, Hall. (rr) 
9. Palwoneilo constricta (Con.), Hall. (ar) 


XXII A*’. Above the second falls the rocks are much more generally 
covered by soil than below. In the occasional exposures of shales and sand- 
stones for the next 130 feet an occasional specimen of Z/opidoleptus carinatus 
(Con.), Hall, and one or two other species were noticed. At 420 feet above 
Schenevus creek is a stratum of irregular sandstone, with partly concre- 
tionary structure, similar to those which occur not infrequently in the upper 
portion of the Middle and Upper Devonian in eastern central New York. 
The structure of this stratum may be similar to that noted by Clarke in 
Chenango and Ontario counties,’ except that this is not stained red, inasmuch 
as it is considerably below the lowest of the red rocks. Shales of bluish and 
olive color occur both above and below the sandstone stratum. The shales 
and sandstone contain a few fossils, Cyrtina Hamiltonensis, Hall, being abun- 


dant in a thin layer. ‘The other species collected are : 


2. Spirifer mucronatus (Con.), Bill. (rr) 
3. Tropidoleptus carinatus (Con.), Hall. (r) 
4. Liorhynchus, sp. (2) 


Small and imperfectly preserved specimens. 

Fifteen feet above the concretionary stratum is a layer containing Lio- 
rhynchus. For the next 195 feet to the east and west highway, the rocks are 
mostly covered ; which is also true for the additional 185 feet when the top 
of the divide between the Whitney and Morehouse brooks is reached. This 
divide is approximately 815 feet above the level of Schenevus, or over 2,000 
feet above sea level In this section the Ithaca formation is scarcely exposed, 
the upper part of the brook and the Ill slope being deeply covered by drift. 
Spiriter mesastrialis, Hall, was found loose in the brook below the east and 


- west highway. The Sherburne formation contains a number of thin layers in 


1 Thirteenth Annnal Report State Geologist [New York], p. 588 Bulletin No. 16, United States Geological Survey, p. 38. 
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which fossils are not uncommon, in fact, they are more plentiful at this locality 


than is the case in Chenango county and the western part of Otsego. The 


Hamilton in the lower part of the valley contains plenty of Hamilton fossils, 


though they are very rare in a zone in the upper part of the formation. 


XXII SECTION OF WHITNEY BROOK NORTH OF MARYLAND. 
= S : e —— : a 
Approximately 2,018 feet A. T. 
815’ 
| ate ‘ ed 
| Top of Little Crumhorn mountain, between Whitney 
: and Morehouse brooks. 
| 185 A”. Covered. 
630’ |-— | E. & W. highway. 
- i 
} | ‘ 
£95 ep Ass Mostly covered. 
435’ ~~ Liorhynchus A*. 
Liye 
420’ |-- Concretionary layer A®. 
130° <A® Largely covered. 
290 Top of upper cascade. 
45s AY. 
An? Foot of lower cascade. 
25 A®, Sherburne formation. BS 
220/ Top of layer with abundant Hamilton fossils. 
ieee 5 
45/ A®. 
a ES A ees 
75’) A* Greenish shales and thin sandstones. < 
RS 
100° "| Abundant Hamilton fossils. aS 
j = 
} ~ 
30 A?. SS 
AE —.. A*, Blue sandstone, two and one-half feet thick 
50’ at base of rocks. 
ae -----| Railroad level, 1,218 feet A. T. A‘ 
20’ 


Level of Schenevus creek. 
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XXII LD. In the Morehouse brook at the lower end of its gorge, 
between 125 and 150 feet above the level of Schenevus creek, are arenaceous 
blocky shales containing an abundant Hamilton fauna, Higher in the gorge 
are thin, even, sandy shales that closely resemble the Sherburne shales. The 


lower part of the glen is clearly Hamilton, as may be seen from its fauna: 


1. Spirifer mucronatus (Con.), Bill. (a) 
2. Spirifer granulosus (Con.), Hall and Clarke. (c) 
3. Tropidoleptus carinatus (Con.), Hall. (c) 
4. Orthothetes Chemungensis (Con.), H. and C., var. wrctostriata. (av) 
5. Atrypa reticularis (Linné), Dal. (ar) 
6. Athyris spiriferoides (Katon), Hall. (rr) 
7. Palewonetlo muta, Hall. (ar) 
8. Modiomorpha mytiloides (Con.), Hall. (rr) 
9. Ambocelia wmbonata (Con.), Hall. (rr) 


10. Terebratula (Hunella) Lincklaeni, Hall. (rr) 
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CONCLUSION. 


On the geologic map accompanying this report, the boundaries of the 
Hamilton formation, and the Sherburne and Ithaca formations taken together 
are given for Chenango, Otsego, Schoharie, Albany and Greene counties. In 
the preceding portion of this report detailed sections with lists of fossils are 
given for Chenango and Otsego counties. It was intended to give a similar 
account of the investigation in Schoharie, Albany and Greene counties, but 
the pressure of other duties renders it necessary to defer their description until 
a later date, when a summary of the more important facts brought out by this 
investigation will appear. However, in order that the reader may apprehend 
the more important changes advocated in the present report, it is thought best 
to state them briefly. 

On comparison it will be noticed that the line marking the upper 
boundary of the Hamilton formation on the geologic map is from five to fifteen 
miles farther south than the similar line on the geologic map, recently pub- 
lished by the Geological Survey of the State of New York.’ 

As stated in the introductory part of this paper, wherever the Tully lime- 
stone is found, it affords a sharp line of separation between the Hamilton and 
Chemung series; but in eastern and eastern central New York the Tully 
limestone as well as the overlying black Genesee slate has disappeared and 
there is a more gradual passage from the Hamilton to the Chemung series, 
The author began work in De Ruyter, Madison county, where both the Tully 
limestone and Genesee slates occur, and followed those formations into the 
Chenango valley, where they disappear. In Onondaga, Cortland, Madison 
and Chenango counties, above the Tully limestone and Genesee slate, are the 
thin bluish sandstones and smooth shales of the lower Portage of central and 
western New York. Vanuxem proposed the name “Sherburne flagstone ” * 
for this formation, which has been adopted in this report, and it is shown to 
have a thickness of 250 feet in the Chenango valley. In this valley and 
the westward the Sherburne formation contains comparatively few fossils, 
though to the east, after the disappearance of the Tully limestone and 
Genesee slates, the number of species, particularly of Hamilton forms, 
increases, as has been shown in the latter part of this report in describing the 
go county. However, when the sections 


= 


exposures in the eastern part of Otse 


are carefully studied by one familiar with the Hamilton and Chemung series, 


1 Preliminary Geologic Map of New York, exhibiting the structure of the State so far as known. Prepared under the direc- 
tion of James Hall, State Geologist, by W. J. McGee. Published by authority of the Legisiature of the State of New York. 
Printed by the United States Geological Survey, 1894 (distributed April, 1896). 

2 Fourth Annual Report, Third Geological District (Assembly Document No. 50, 1840), p. 381. 
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almost invariably the change from the Hamilton to the Sherburne formation 
may be readily determined even in the eastern part of the area under con- 
sideration. On the geologic map prepared for this report, the Tully limestone, 
and its horizon where it could be recognized, was regarded as defining the upper 
limit of the Hamilton formation. On the geologic map of New York, the 
upper line of the Hamilton is represented as crossing the northwestern town. 
ships of Chenango county, Lincklaen, Otselic and Smyrna, several miles to 
the south of the outcrops of the Tully limestone, which enters the county 
near the northwestern corner of Smyrna township and was followed along the 
southern side of Pleasant brook to Smyrna village. After the disappearance 
of the Tully limestone the transition from the Hamilton to the Sherburne 
formation was generally readily recognized, and this horizon as traced across 
the eastern part of Chenango, Otsego, Schoharie, Albany and Greene counties, 
is represented on the accompanying map as marking the upper limit of the 
Hamilton formation. The above division of these rocks is confirmed palaeon- 
tologically by the discovery of the characteristic Tully species, Pehynchonella 
venustula, Hall, at this horizon in the central part of Otsego county. 

Above the Sherburne formation is one, containing numerous fossils, that’ 
may be followed westward from the Chenango valley across Chenango, Cort- 
land and Tompkins counties to Ithaca, where it long ago received the name 
“Tthaca group.”' The Ithaca formation has a thickness of fully 500 feet in 
the Chenango valley, and from there it may be traced eastward into Greene 
county, which is apparently near the limit of its eastern extent. The upper 
limit of the Ithaca formation is determined by the appearance of the coarse, 
ereenish-grey and red sandstones and shales of the overlying Oneonta forma- 
tion. On the present map, the Sherburne and Ithaca formations are repre- 
sented together, the line already defined as representing the top of the Hamil- 
ton indicating the base, and the line separating the Ithaca and Oneonta 
defining the top. On the geologic map of New York, from the Chenango 
valley eastward, the base of the Oneonta sandstone was regarded as forming 
the top of the Hamilton formation, the Ithaca and Sherburne formations being 
mapped as a part of the Hamilton formation. Consequently, with some 
modifications, the line representing the top of the Hamilton on the State 
map will be found to correspond to the line on the accompanyimg map repre- 
senting the top of the Ithaca formation, From what has just been said it will 
be understood that on the State map from the Chenango valley eastward there 


is no line corresponding to what the author regards as the line of division 


1 Third Annual Report, Fourth Geological District, New York (Assembly Document No. 275, 1839), p. 318. 
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between the Hamilton and Chemung series or, to express it more precisely, 
between the Hamilton and Sherburne formations. 

In the region under consideration, the field work directly preliminary to 
the preparation of the geologic map of New York was conducted by Mr. N. H. 
Darton, of the United States Geological Survey. Mr. Darton evidently 
regarded all of the fossiliferous rocks underlying the Oneonta formation as 
belonging to the Hamilton, and did not consider what became of the Tully 
limestone, Genesee slate, Sherburne and Ithaca formations which, at Ithaca, 
fifty miles west of Norwich in the Chenango valley, have a thickness of nearly 
850 feet. 

Mr. Darton first published an account of this work in March, 1893, in 
which he stated that “The stratigraphic components of the Oneonta forma- 
tion are somewhat variable in its smaller subdivisions, but certain members 
preserve general characteristics throughout. The basal beds are grey flags 
which merge into the Hamilton.”' The same correlation was shown in his 
figure 2 B through Oneonta and Franklin,? where the Oneonta is represented 
as resting directly on the Hamilton. Again it is stated that “the Hamilton 
is exposed” at the Lyon brook bridge*® in the Chenango valley, a locality 
which has been described in this report as representing the top of the Ithaca 
formation capped by the basal part of the Oneonta. 

At an earlier date the writer published a paper‘ in which was traced the 
development of the classification of the Upper Devonian system in central and 
eastern New York. The error of correlating the fossiliferous beds below the 
Oneonta sandstone in the Chenango and Susquehanna valleys with the upper 
Hamilton was fully explained, both the stratigraphic and palaeontologic evi- 


dence being given. 


1 American Journal of Science, Third series, Vol. XLV., p. 206. 

2 Tbid., p. 205. 

3 Loc. cit., p. 207. 

4 The Upper Hamilton and Portage stages of central and eastern New York, American Journal of Science, Third series, Vol. 
XLVI., Sep. 1893, pp. 212-231. 
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Sir: 


valley, designed to show in some detail the nature of the Portage section 


I herewith submit a brief account of the geology of the Naples 


in that meridian, and the stratigraphic relations of the upper beds, originally 
termed the Portage sandstones. 


Respectfully yours, 
Dee NA GU CCELER. 
Napties, N. Y., March 28, 1896. 
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The Stratigraphic Position of the Portage Sandstones in the 
Naples Valley and the Adjoining Region. 


By D. Dana Lutuer. 


The deep wells that have penetrated the great beds of rock salt lying at 
varying depths below the surface of a large section of country in western and 
central New York, have demonstrated that the northern limit of these beds is 
approximately the line of outcrop of the Corniferous limestone, the top of 
which is but little more than 500 feet above the salt horizon. 

South from this line, owing to the dip of the strata and the generally 
increased elevation of the surface, deeper drilling is required, as the strata that 
compose the Marcellus, Hamilton, Genesee, Portage and Chemung groups are 
successively added to those that intervene between the surface and the salt. 

In the Warsaw or Oatka valley, in Wyoming county, the sandstones at 
the top of the Portage group are a little more than 2,000 feet above the salt. 
This distance increases slightly toward the east, and more rapidly toward the 
south. i 

Nearly all of the deep north and south valleys that are so numerous in 
this section of country, have been excavated in the soft shales of the Hamilton, 
Genesee and Portage groups, and end at the south in the harder and heavier 
bedded Upper Portage and Chemung sandstones. Although the salt beds are 
known to increase in thickness toward the south, those reached by the wells in 
these valleys have been found abundantly sufficient for all purposes, and but 
two plants, the Duncan Salt Co.’s, at Silver Springs, and that at Castile, have 
been put into operation where the stratigraphic horizon of the mouths of the 
salt wells is above the top of the Portage sandstones, and in those wells the 
thickness of Chemung rock included in the sections is not great. 

As these “Portage sandstones,” so designated on account of their great 
development and abundant exposure at the upper Portage falls, on the 
Genesee river, and described by Professor Hall in the Report on the Geology 
of the Fourth District, 1848, can be easily identified by any careful observer, 
and are fairly persistent in character from T ompkins ‘county to the shores of 
lake Erie, their line of outcrop may, for the reasons previously mentioned, be 
considered as marking the southern limit of that part of the salt-producing 
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area of central and western New York, that is profitably accessible for com- 
mercial purposes. 

In order to show the position of the Portage sandstones in the strata and 
their relations to the geologic divisions above and below them, the rock 
section in a typical valley of the “finger lake region ” lying in the extreme 
southern part of Ontario county, and in the central part of the New York 
salt fields, the valley of Naples, is here given. 

The valley of Canandaigua lake extends about five miles beyond the 
head of that lake in a southwesterly direction, to the southern boundary line 
of the town of Naples, Ontario county. It has an average width of about one 
mile. The sides are steep and high. Hatch hill on the east side rises to the 
height of 1,041 feet above the lake level, and Pine hill at the south, and High 
point, one mile west of the valley, are each about two hundred feet higher. 

The floor of the valley for three and one-half miles from the lake is a low 
alluvial plain, but at the south end there is an immense deposit of morainic 
till, and the delta terrace at the mouth of Grimes gully, nearly 200 feet high, 
projects half way across the valley. The village of Naples is situated at the 
foot of this terrace. 

On the steep hillsides the soil, which is composed largely of the disinte- 
grated shales, is thin, and loose fragments removed but slightly from their 
original position in the harder sandy layers, abound everywhere. The dug- 
ways ascending the hills diagonally, frequently afford long exposures of the 
bed rock, but the best opportunities for examination of the rock strata are 
presented in the ravines or gullies, of which there is a large number 
debouching into the main valley. The largest of these is the Parrish gully, 
on the east side, about two miles south of the lake. An alluvial cone at the 
mouth is about fifty feet higher than the lake. Above the cone the bottom 
and sides of the ravine present an interesting and accessible rock section 
somewhat less than 600 feet high, that includes all of the strata of the Portage 
group except some shale beds at the base. 

The Tannery gully, also on the east side, but near the south end of the 
valley, exposes a continuous section 500 to 600 feet thick, beginning in the 
middle Portage or Gardeau flags, and extending upward into the Chemung 
sandstones. 

On the west side, the Grimes gully exposes about 400 feet of the upper 
Portage and lower Chemung rocks. The Portage sandstones are particularly 
well displayed in this ravine and present abundant opportunity for the most 


critical examination. 
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The three ravines above specified are veritable canyons with vertical 
rock walls, 100 to 200 feet high, and many beautiful cascades. Besides these 
there are many others but little less extensive, in which there may be found 
good exposures of every horizon of the Portage group, and which have at 
their mouths alluvial cones composed of the debris brought down by the 
streams flowing through them. 

The more important named in order from the lake southward, are the 
Snyder, Hartman, Biehl, Yaw, Pottle, Dunton, Lincoln and Hoecker gullies 
on the west side, in which the lower and middle Portage beds are exposed, 
and the Caulkins, Tyler and Reservoir or Olney gullies in the upper Portage 
and lower Chemung. Although no single exposure gives a continuous section 
from undoubted Genesee to undoubted Chemung rocks, the outcrops are so 
numerous that, as the strata persistently maintain their individual character, 
which can usually be easily recognized by the careful observer, it 1s not difficult 
to join the sections with comparative accuracy. 

This report and the diagram accompanying it are the result of examina- 
tions and measurements made at all of the best exposures in the valley. 

The contact with the Genesee slate at the base of the Portage 
group, is not distinctly marked, and any dividing line established between 
these two divisions must necessarily be, in this locality, a somewhat arbi- 
trary one. 

At the head of Canandaigua lake, near the Woodville hotel, there is an 
exposure that embraces fifty to sixty feet of typical upper Genesee slate, soft, 
dark blue-grey, in which Lunulicardium fragile and other characteristic 
fossils are abundant. 

By the side of the road leading southward toward the village of Naples, 
the upper layers of the same bed are exposed for a quarter of a mile, to the 
mouth of the Snyder gully. In this ravine the dark slaty shales are overlaid 
by about fifteen feet of soft, clayey, olive shales that contain a few fossils 
common to the Portage group, but LZ. fragile is still the most abundant form. 
These beds were termed by Clarke, “ transition shales,” and may properly be so 
considered, as there is no recurrence of the Genesee slates, and L. fragile is 
very rarely seen above them. Next above occur fifteen feet of dark slaty and 
lighter sandy shales, in which are intercalated a few thin flags, in which the 
proportion of dark shale increases toward the top, where the lighter layers 
disappear and a bed of densely black, bituminous fissile shale about fifteen feet 
thick is found, overlaid by fifteen feet of black and grey shale of the same 


character as those below the bituminous layer. Plant remains are common 
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here, and fish scales and plates are sometimes found. Other fossils appear to 
be very rare in these beds. 

These forty-five feet constitute what has been termed the Lower Black 
Band of the Portage group, and the contact line between the Portage and 
Genesee groups is, in this report, assumed to be at the top of the transition 
shales before mentioned, and at the base of this black band. Directly above 
there are seventy-six feet of bluish or olive, sandy shales and very soft and 
thinly laminated sandstones with occasional flags. Both shales and sandstones 
are almost entirely devoid of traces of life except for the object known as 
Fucoides graphica, and some undeterminable plant remains. Six feet of blue 
sandstones overlie these barren shales, above which the recurring olive shales 
are softer and argillaceous. 

This latter bed of shale is seventy feet thick, the lower part nearly barren 
of fossils, but the upper layers contain in some abundance Cardiomorpha 
suborbicularis and Cardiola retrostriata, while several species of goniatites and 
other characteristic forms are common. The composition of the strata changes 
very frequently in the succeeding 150 feet, and embraces thick and thin blue 
and grey sandstones and blue, olive, grey and black shales in thin beds. Con- 
cretions and concretionary layers also occur, with one highly concretionary 
layer of impure limestone about four imches thick. Fossils are fairly 
abundant in these beds at nearly every horizon, and many new and interest- 
ing forms have been found in them during the last few years. Near their 
top is a bed of black shales twenty feet, nine inches thick, known as the 
Second Biack Band. Its summit is 287 feet above the base of the group. 

This second black band is overlaid by forty-one feet of olive and bluish 
grey, soft shales, through which are distributed a few thin flags. The shales 
contain many fossils, and in some of the sandy layers casts of (Goniatites 
Pattersoni are not infrequent. 

The section thus far described is that exposed in the Snyder, Hartman and 
Parrish gullies and the escarpment at the foot of Hatch hill. The measure- 
ments for the remainder of the Portage strata were made in the Grimes gully. 
The lowest rock exposed in this ravine is 375 feet above the base of 
the Portage strata and is composed of flags or very thin, blue sandstones 
separated by layers of shale, usually light-blue or olive, sometimes dark, and 
occasionally black and bituminous. 

Fossils, except plant remains, are exceedingly rare. A very large and 
exceptionally fine specimen of Zepidodendron Chemungense, fifteen feet in 
length, now in the State Museum at Albany, was taken from one of these thin 
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sandstones about ten feet above the bottom of the exposure, and a slab from 
a layer of densely black slate immediately overlying the layer of sandstone, 
had on one surface the impression of a number of fish scales and plates. 

The general character of the material and of the stratification of the suc- 
ceeding 135 feet of the section in this ravine is quite uniform, though the pro- 
portion of sandstones varies at different horizons, with a gradual increase 
toward the top. Fossils are rarely seen. Impressions or casts of Goniatites 
Pattersoni occur occasionally on the lower surface of the sandstones, and large 
forms of Spathiocaris Emersoni are sometimes found. 

Near the knife factory, in this ravine, a sandy layer four inches thick, 

and forty feet above the Lepidodendron layer before mentioned, has on its 

upper surface a very interesting bed of plant remains of lignitic character, in 
which are hundreds of specimens, some of them several feet long. The 
majority are not in a condition to be identified, but many fragments of 
Lepidodendron occur. The only traces of animal life so far observed in this 
bed are two specimens of a large Orbiculoidea, species undetermined, and one 
large Conularia. One hundred and two feet above the plant bed, a band of 
sandstones two feet thick, forms the crest of a cascade sixty-seven feet high, 
known as the “Second Falls.” The “ First Falls” are near the knife factory 
and are produced by the waters of a lateral ravine flowing over the side of 
the main gully. They are about sixty feet high. Above the sandy layers at 
the top of the second falls the shales and thin sandstones come in again and 
continue a little more than sixty feet, to near the top of the “Third Falls.” 

In the face of the precipice at the third falls, and exposed in the walls of 
the canyon, a thin layer of soft blue sandy shale has been found to contain 
Cardiola retrostriata, Pleurotomaria capillaria, Palwoneilo muta, Goniatites 

_ Pattersoni and Bactrites, also a finely striated Cardiola, species undetermined ; 
a distinctively Portage fauna. Twenty-four feet higher, and nine feet below 
the top of the fall, occurs a layer of bluish sandstone, four inches thick, that 
splits easily near the middle and discloses impressions and casts of a consider- 
able number of fossils. The most abundant form here is apparently Liorhyn- 
chus quadricostatus. Many of these are an inch in breadth. Smaller speci- 
mens bear some resemblance to LZ. limitaris. A small form of Atrypa reticu- 
laris is also abundant. An Orbiculoidea, species undetermined, is common ; 
Productella speciosa and Ambocelia umbonata var. gregaria occur sparingly, 

This fossiliferous layer has been traced for several rods along the vertical 
sides of the ravine, but the most diligent search has failed to discover this 


fauna or any other fossils in this horizon elsewhere in the Naples valley. 
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In the large ravine, six miles east of Grimes valley, near the Big Elm, in 
the town of Italy, Yates county, loose fragments of a layer of the same 
character were found from approximately the same horizon. 

According to the measurements made, this layer is 599 feet higher in the 
strata than the base of the Portage group, as previously assumed. The fauna 
contained in it is the lowest of a distinctively brachiopodous character that 
has been discovered in this vicinity, and no recurrence of a fauna of Portage 
characteristics has been observed above it. The sandstone layer at the brink 
of the falls is one foot and four inches thick, compact and of a light blue color. 
Above it there are exposed in this ravine forty feet of sandstones of the same 
character, except that a few of the layers are schistose. They are from a few 
inches to two feet and six inches thick, and are separated by thin layers of 
very hard blue shales. These are the Portage sandstones. A solitary speci- 
men of a large Atrypa reticularis is the only fossil yet observed at this horizon. 
Above the sandstones, ten feet of soft, dark bituminous shales complete the 
Grimes gully section. { 

On the opposite side of the valley on the steep slope of Hatch hill, the 
sandstones form a well defined and prominent terrace that shows the southern 
dip of the strata very plainly. 

In Caulkins’ gully and the quarry on the south bank, the sandstones are 
very compact and thicker, and the proportion of shale much less. 

In the Tannery gully and Kaltenbach’s quarry, the section differs but 
slightly from that in the Grimes gully, though some of the sandstones are more 
inclined to a schistose condition. Their character is the same at the exposure 
near the water works’ Reservoir. 

In the ravines at the head of Italy hollow, eastward in Yates county, the 
sandstones are well exposed, generally in thinner beds, and with an increasing 
tendency to be schistose. 

For nearly fifty feet above the sandstones, the section im the Naples valley 
is composed principally of dark and black shales, in which the most diligent 
search has failed to discover any fossils, and the few interstratified sandstones 
are likewise barren. 

Above this, the sandstones again predominate and are somewhat lighter 
colored. The lowest fossiliferous layer observed above that at the third falls 
in the Grimes gully, is on the road leading easterly across Deyo Basin, two 
miles south of the village of Naples, a little south of the schoolhouse on the 
road from Naples to Ingleside. This layer is exposed by the roadside near 


the foot of the hill, five or six rods from the Ingleside road. It is an isolated 
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exposure and its stratigraphic position can not be ascertained with precision. 
It is, however, not far from one hundred feet above the top of the third falls 
sandstones. The layer is a compact sandstone, five inches thick, and contains 
the following fossils : 

Dictyophyton tuberosum. 

Hystracanthus. 

Spirifer mesacostalis, 

Atrypa hystrix. 

Productella speciosa. 

Ambocalia umbonata var. gregaria. 

Crinoid stems and heads, sp. und. 

This is clearly a Chemung fauna. About twenty feet higher in this 
exposure a sandy layer contains Productella speciosa quite abundantly, and 
forty-two feet above the lower fossiliferous layer there occurs a bed of plant 
remains, in which J). tuberosum and two or three other species of fossil 
sponges are common. Other Chemung fossils are also found here. 

On the road leading from Naples village to West Hollow, near the resi- 
dence of Charles 8. Sutton, one of the thin sandstones of this horizon exposed. 
at the roadside contains Orthis Tioga, Liorhynchus mesacostalis, Productella 
spinulicosta, Ambocelia umbonata, Atrypa reticularis and sections of crinoid 
columns. 

In a layer in the west branch of the Tannery gully, opposite M, Hatch’s 
house, Atrypa reticularis, Orthothetes Chemungensis, Ambocelia umbonata, 
and a mass of crinoid plates and segments occur. This horizon is a little 
higher than the others mentioned. 

Above these fossiliferous layers, others occur at frequent intervals, in 
which the number of individuals and of species, which nearly or quite all 
belong to the ordinary lower Chemung fauna, is much increased, sometimes 
producing more or less persistent calcareous layers. The sandstones also 
become coarser and lighter colored. 

From the foregoing it will be seen that the heavy sandstones at the top 
of, and above the third falls in Grimes gully are the “ Portage sandstones,” 
and are the upper and most southerly division of the Portage group. They 
are here about fifty feet thick, including the interstratified shales, and from 
599 to 650 feet above the bottom of the lower black band. 

Toward the east from Naples, the line of outcrop of these sandstones is 
easily followed around the head of Italy hollow, thence with a northerly bend 
over Italy hill, and then south above Keuka lake, crossing the valley about 


234 Report OF THE STATE GEOLOGIST. 


two miles southwest from Hammondsport, and bending again to the north on 
the east side of the lake. The deep valley of Seneca lake carries it far to the 
southward again, but the condition of the sandstones, which have become 
generally thinner and schistose, makes it more difficult to trace. It crosses the 
valley, however, somewhere in the vicinity of Millport. 

The wells of the Watkins Salt Co., at Salt Point, two miles from the head 
of Seneca lake which, at the present date, are the most southerly ones 
operated for the production of salt, were begun in the lower part of the Port- 
age group; and the mouths of the wells of the Ithaca Salt Co., at the head of 
Cayuga lake, are nearly in the horizon of the base of the Portage. 

Westward from Naples, all parts of the group appear to increase in thick- 
ness, the shales are generally softer, and the sandstones more compact and 
heavier bedded. This is especially the case with the upper beds. They 
are frequently exposed in the ravines on the sides of ‘the valleys of 
Honeoye and Canadice lakes, Springwater valley, and the valley south of 
Conesus lake. 

In the Stony Brook glen, two miles south of Dansville, the sandstones 
appear at the top of the banks at the railroad bridge. In a soft shale a few 
feet below them, Cardiola retrostriata, Goniatites Pattersoni, and Aulopora 
annectens are common. 

The high ridge west of the Dansville valley carries the line of their out- 
crop northward to about a mile south of Union Corners, where it bends to the 
south and follows the west side of the Nunda valley to the south end, where it 
is well exposed in Stone Quarry hill, three-quarters of a mile south of the village 
of Nunda. Quarries have been operated here for many years in the layers of 
compact sandstone, aggregating about forty feet, that are most accessible. 
Apparently the full thickness of the formation is not exposed. The fossil 
known as Sp/rophyton cauda-galli is common here. It does not occur in the 
Naples section, but is very abundant in the sandy layers of the Portage in the 
western part of the state, and is sometimes found in the middle portion of the 
group, ucoides verticalis occurs here sparingly. 

Underlying ‘the heavy sandstones in the old quarry where the reservoir 
of the Nunda waterworks is now located, there are five feet of bluish, blocky 
shales in which are imbedded numerous small calcareous, and sometimes 
pyritiferous concretions. (Gondatites Pattersoni and other Portage fossils oceur 
in the shales, but are very rare. This peculiar deposit is found over a large 
area. It increases in thickness rapidly to the western border of Wyoming 


county where it is about seventy-five feet thick. 
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The exposure of the Portage sandstones in the walls of the deep gorge of 
the Genesee river, near the high bridge of the Erie railroad, is by far the most 
extensive and best known. The thickness of the individual layers and the 
aggregate thickness of the sandstones appear to be greater here than elsewhere. 
On the west side of the river, a short distance below the village of Portage 
ville, a bed of sandstones, nearly all of which are compact, is separated by 
six feet of shales from a similar bed about thirty-five feet thick, beneath 
which the concretion bearing shales are exposed with a thickness of eight feet. 
The upper bed of sandstones was extensively quarried during the construe- 
tion of the Genesee Valley canal for material for locks, culverts and the great 
aqueduct that crossed the river at this point. 

Above Portageville the fall in the river is very slight, and the horizon of 
the upper sandstones is above the river bed for several miles to the south. 

The Genesee Blue Stone Co. has a large quarry in these upper beds, 
about three miles south of Portageville, near the tracks of the Western New 
York and Pennsylvania railroad, the product of which is used in Rochester 
and New York city. 

The next good exposure westward is in the gorge of Wolf creek, one-half 
mile below the village of Castile. A band of black shales is exposed near 
Hopkins & Son’s mill, and the sandstones are below it. The top of the 
sandstones is here 150 to 200 feet lower than the crest of the ridge between 
the Genesee river and the Silver lake basin, and the line of outcrops is carried 
northward by the configuration of the land, and crosses the ridge about three 
miles north of Castile. It bends southward around the Silver lake basin, and 
again to the north over the high lands between the lake and the Oatka Creek 
valley. 

The extensive quarries of the Warsaw Blue Stone Co., at Rock Glen, 
expose about thirty-five feet of these sandstones. As a stratum of the concre- 
tionary shale is exposed in the bottom of the quarry, it is probable that the 
layers utilized are those of the middle and lower beds. 

From the records of the salt wells in the southern part of the Wi arsaw 
valley, it appears that the total thickness of the Portage rocks is here 800 to 850 
feet, or about 200 feet greater than in the Naples section, thirty-five miles east. 

The high plateau in the western part of Wyoming county, between the 
Oatka Creek valley and the valley of Tonawanda creek is covered by drift, 
and the bed rock is rarely exposed. 

The large ravine near Varysburg presents a fine section of the shales of 
the middle Portage that reaches the lower part of the sandstones, thereby 
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Location, Arra anp 'Topograrry. 

The county of Onondaga is, in shape, a nearly rectangular parallelogram, 
lying between 42° 45’ and 43° 15’ north latitude, and 0° 29’ and 1° 6’ 
longitude east from Washington. It is bounded on the north by Oswego 
county, the Oneida river forming a part of the boundary line at the north and 
Oneida Jake on the northeast; on the east by Madison county, Chittenango 
creek making a part of the county line; on the south by Cortland and 
Cayuga counties, from the latter of which it is separated in the southwest 
corner by Skaneateles lake, and on the west by Cayuga county. The greatest 
length of the county from north to south is thirty-three miles, the average 
length being twenty-nine miles and the average width twenty-eight miles. It 
has an area of 812 square miles, or 519,680 acres, of which 459,229 acres are 
Jand, the remaining 60,451 acres representing the combined area of the lakes. 
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In the northeastern part, a section five or six miles wide, parallel to the 
shore of Oneida lake, is low and flat and, in the town of Cicero, embraces 
several large swamps. The northern parts of the towns of Manlius, Dewitt 
and Clay le partly in this tract which, on the eastern borders of the county, 
extends as far south as the Erie canal, and includes the territory about the 
foot of Onondaga lake and its outlet. The average altitude is not greater 
than 390 feet A. T. 

In the town of Lysander the land is gently undulating in the eastern 
part, but higher in the western part where the rounded drift hills sometimes 
rise 100 to 150 feet above the level of Cross lake and the Seneca river. The 
northern part of the town of Van Buren is rolling, the sides of the hills fre- 
quently showing the soft red and green shales of which they are composed. 

The Erie canal crosses the county a little north of the center, at an 
elevation of 401 to 409 feet A. T. The territory lying north-of the canal is 
generally flat or gently undulating. The soft Clinton, Niagara and Salina 
shales that here constitute the bed rock, offer little resistance to denuding or 
disintegrating forces, and are buried under drift or, when exposed, smoothly 
rounded over. 

The southern part of Van Buren and the northern parts of Elbridge and 
Camillus are generally flat and low. The broad swampy intervales of Nine 
Mile creek, Carpenter’s brook and other streams, extend through the higher 
and rougher southern parts of Camillus and Elbridge to the line of the 
Auburn branch of the New York Central railroad. 

South of this lower and comparatively level part of the county, a succes- 
sion of rugged ledges and vertical walls of limestone, constituting the Helderberg 
escarpment, stretches across the county, on a very irregular, but nearly east 
and west line. This escarpment is the upturned edge of the limestones of the 
Salina, Lower Helderberg and Corniferous groups, lying upon each other to 
the thickness of 400 to 500 feet. It causes an abrupt elevation of the surface 
to the height of 800 to 850 feet A. T. From the top of the escarpment to 
the south line of the county the average elevation gradually increases to 1,500 
or 1,600 feet A. T., and the extreme height reaches 2,020 feet A. T., at the top 
of South mountain, in the town of Fabius, and 1,968 feet, at Ripley hill in 
Spafford. This high land in the southern tier of towns forms the summit 
ridge or watershed between the drainage areas of lake Ontario and the Sus- 
quehanna river. 

The waters of Limestone creek, Butternut creek, Onondaga creek, Spat: 


ford creek and Skaneateles lake flow teward the north and reach the sea by 
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way of Oswego river, lake Ontario and the St. Lawrence river, while Fabius 
creek, which has its rise in a small spring on the top of Pompey hill, together 
with Labrador brook, the outlet of the Tully lakes, and Cold creek in Spafford, 
flow south into the Tioughnioga river, and reach the ocean by way of the 
Susquehanna river and Chesapeake bay. 

Five deep, narrow valleys extend from the south line of the county in a 
northerly direction and break through the Helderberg escarpment at different 
points. These principal valleys, named in order from the east, are: Limestone 
ereek valley, Butternut creek valley, Onondaga valley, Otisco or Nine Mile 
creek valley, and the Skaneateles lake valley. They have many lateral 
branches, some of them quite extensive, and deep rocky ravines with high 
cascades are numerous. 

Limestone creek valley is situated near the east line of the county. The 
DeRuyter storage reservoir for the Erie canal at the southeast corner of the 
county, is near the south end of the valley. From the reservoir, which is 
about 1,250 feet A. T., to Delphi the descent is rapid, and a deep gorge has 
been cut by the stream through an immense mass of glacial drift that chokes 
the valley at this pomt. From Delphi to near Manlius the descent is slight ; 
the sides are sloping and there is an intervale half a mile wide. At Manlius, 
where the valley is cut through the limestone, it is narrower and rocky. 
Edward’s falls, one and one-half miles south of the village, are ninety feet 
high, and below them is a narrow gorge with high banks. Just below the 
village of Manlius the valley of the west branch of Limestone creek is connected 
with the main one by a deep ravine, one-half mile long, ending at Brickyard 
falls, seventy feet high. Above the falls the valley, which is generally rough 
and regular, extends towards the south for several miles. Pratt’s falls, five 
miles south of Manlius, in this valley, are 137 feet high. Below the junction 
of the two streams the valley spreads out rapidly. The floor is somewhat 
uneven, and the bed rock is but thinly covered, cropping out in many places. 
The sides of the valley are rough and steep, with bare masses and clifis of 
limestone, 200 to 300 feet high, on both sides as far as Fayetteville. North of 
Fayetteville the bordering hills are lower and do not extend beyond the 
Erie canal. . 

Butternut creek valley is connected at its head in the western part of 
Fabius with the valley of Limestone creek by a wide, high, east and west 
valley, and also with the Tully lake plateau by an extension which has a 
southwesterly course, with the drainage in the same direction. Near Apulia, 
where the bottom of the valley is highest, it is 1,225 feet A. T. It is narrow 
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and rocky for most of the distance to Jamesville, the average descent being 
about fifty feet per mile. North of Jamesville, where it breaks through the 
limestone beds, it becomes a narrow gorge, with a cascade at Dunlop’s mills, 
where the first saw mill in the county was built, in 1792, and the first: grist 
mill, in 1793, by Asa Danforth. Half a mile north of Dunlop’s mills the 
“Jamesville cut,” a canyon fifty rods wide, 250 feet deep, and three miles 
long, diverges towards the west and connects Butternut creek valley with the 
Onondaga valley. The Delaware, Lackawanna and Western railroad runs 
through this cut and the entire length of the Butternut creek valley south 
of Jamesville. 

The Onondaga valley is the north end of an ancient river bed that, at the 
close of the glacial epoch, had been filled with drift to so great a height in 
what is now the township of Tully, that a col was formed at an elevation of 
1,200 feet A. T., the water on the south side following the old-channel to the 
Susquehanna river, and on the north to Onondaga lake and the Seneca river. 
At the point where the southern boundary line of Onondaga county crosses, 
the valley is about three miles wide, the southern extension of Butternut 
creek valley coming into it just there from the east and nearly doubling the 
width. The sides are 300 to 500 feet high and very precipitous. The col, 
or separating ridge, lies on the north side of all the Tully lakes, except Crooked 
lake. ‘Twoand one-half miles north of the county line, the high upper section 
ends abruptly, and the floor of the valley sinks, in the distance of about half 
a mile, from 1,200 feet A. T. to 800 feet A. T. At the foot of this declivity 
a well sunk near the middle of the valley, which is here about a mile wide, 
penetrated 400 feet of clay, sand and fine gravel, and was abandoned without 
reaching bed rock, from which it appears that the morainic filling of the old 
channel is at least 800 feet thick. Many copious springs burst out on the 
steep slope of the gravel bed, forming small streams that unite with the Vesper 
brook which comes in from the west through a deep ravine, and over a cascade 
seventy feet high, and together make the Onondaga creek. The water of these 
springs is saturated with lime taken up from the drift, and large masses of 
travertine have been deposited in many places. An extensive deposit of red 
clay, the material of which is evidently derived principally from the red Salina 
shales, lies nearly across the extreme south end of this lower section of the 
valley. From this point to Syracuse, about seventeen miles, the valley is 
from one to two miles wide, the sides of the bordering hills sloping gently at 
the base, but becoming precipitous and in many places rocky in the middle 


portion, while the upper part is a succession of rounded eminences that rise 
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500 to 800 feet above the bottom of the valley. The intervale is an alluvial 
plain having an average descent toward the north of twelve feet to the mile. 
Unlike the other four valleys that have been excavated through the Helder- 
berg escarpment in this county, the Onondaga valley becomes wider after it 
reaches the hard limestones in the vicinity of the Indian reservation, about 
midway between the head and Onondaga lake, spreading out into a plain one 
and one-half to two and one-half miles wide. © The sides of the valley decrease 
somewhat in height, but are still 250 to 400 feet high, steep and rocky, 
abounding in cliffs and ledges, the location of many quarries. The ridge on 
the east side of the valley extends to Ley creek, a little north of the head of 
Onondaga lake, with a deep valley crossing it, two miles from the north end, 
through which the Erie canal and the New York Central railroad find passage 
to the eastward into the city of Syracuse. On the opposite side the hills recede 
toward the west, and do not reach quite so far north. The basin of Onondaga 
lake is located in the low section of the county, extending in a northwesterly 
direction from the line of the Helderberg escarpment. It is excavated to the 
depth of 450 to 500 feet in the Salina red shales, and is a continuation of the 
old channel, which is now the valley of Onondaga creek. The bottom of this 
channel at the head of the lake has been found to be fifty-two feet below the 
level of the sea. At the Solway Co.’s first well at Tully, the drill penetrated 
400 feet of sand and clay without reaching the rock, and in two wells on the 
east side of the valley, forty-five feet of drift was found in one, and in the 
other, 590 feet therefrom toward the center of the valley, 322 feet. The 
latter well is about 2,000 feet from the center of the valley. Nowhere in the 
middle of the valley is bed rock exposed, nor has it been reached by drilling, 
and there is every probability that the great depth of the old channel below 
the bottom of the present valley, found at both the head and the foot of this 
lake, is continuous throughout its whole length. 

The Otisco lake valley has its beginning in Cortland county, and extends 
in a northwesterly direction. From the foot of Otisco lake southward it is 
about half a mile wide, with steep sides, where the soft shales are frequently 
exposed. The hills adjacent to this part of the valley rise from 800 to 1,000 
feet above the bottom of the valley. The valley is narrower north of the 
lake, and the outlet, known as Nine Mile creek, runs among drift hills and 
shale knolls to Marcellus village, where a narrow rocky canyon begins, which 
is cut through the Helderberg escarpment to the depth of 250 feet, about four 
miles to Marcellus station. From this point Nine Mile creek flows toward the 


northeast through a narrow valley haying steep sides and a flat alluvial inter- 
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vale that has a very slight descent. One-half mile south of Marceilus a wide, 
deep opening has been cut through the east side of the Nine Mile creek valley 
down to the top of the limestone. This is the head of the Cedarvale valley, 
which extends in a southeasterly direction and joins the Onondaga valley 
near South Onondaga. 

The Skaneateles lake valley, near the western border of the county, has 
a general direction from the southeast to the northwest. Skaneateles lake, 
which is sixteen and one-half miles long and has an average width of about 
one mile, occupies the southern part of the valley. About the head of the 
lake the sides are precipitous and rocky to the height of 100 to 400 feet, then 
they slope gently upward to the height of 700 to 1,100 feet above the level of 
the lake, which has an elevation of 860 feet A. T. Toward the north end of 
the lake the width of the valley is greater, the hills are much lower, and the 
gentle slope of the sides is continued quite to the shores. The passage 
through the limestone escarpment is about one-half mile wide and three miles 
long. The rocks are abundantly exposed, but there are no high cliffs nor 
deep rock cuts. North of the New York Central railroad the valley winds 
among low hills of drift or shale in a northerly direction across the town of 


Elbridge to the Seneca river. 


THe GroLoaic SUCCESSION. 
The rocks exposed on the surface in this county are all of sedimentary 
ongin, with the exception of a small amount of eruptive matter in a single 
locality. The geological formations to which they belong, named in order 


from the lowest, are: 
, Clinton Group. 
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Figure 1, THE NORTH AND SOUTH ROCK SECTION THROUGH ONONDAGA COUNTY. 
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Clinton Shales. 

The lowest sedimentary rock formation exposed in this county is the 
Clinton shales of the Niagara period. These are the bed rock underlying the 
north part of the towns of Cicero, Clay and Lysander. This territory has 
an average elevation of perhaps a little below 400 feet A. T. The surface 
is gently undulating and the soil is generally sandy or gravelly. The streams 
are all very sluggish and do not usually cut down to the rocks; hence 
exposures are very rare. 

In the vicinity of the village of Brewerton, at the foot of Oneida lake, 
the covering of drift is quite thin, and the rock is frequently uncovered by 
the grading of the highways and in digging cellars. The rock is nearly all a 
soft olive green shale, quite light colored when first exposed but, owing to 
the iron it contains, it rapidly becomes a dark rusty brown. Some thin layers 
occur, composed largely of fine grains of iron. They oxidize rapidly on 
exposure and crumble into dust. 

The Disciples church, in the village of Brewerton, stands on a knoll about 
ten feet high, composed of the Clinton shales, which are exposed near the 
sidewalk in front. Forty or fifty rods south from the station of the Ontario 
and Western railroad, the highway cuts through a similar knoll, exposing four 
or five feet of the shales, and other similar small exposures occur toward the 
east along the shores of Oneida lake, and toward the west near the Oneida 
river, though they are not sufticiently dispersed, nor of such a character as to 
permit the accurate measurement of the thickness of that part of the Clinton 
group included in the surface rocks of this county. 

The exposures at Brewerton are fifteen to twenty feet above the Oneida 
river, and three miles from the line of the outcrop of Niagara limestone, and 
the elevation is very nearly the same, so that the thickness of the intervening 
beds of shale can only be determined by ascertaining the amount of dip, which 
can not be done by direct measurement on account of the lack of good expo- 
sures. It is impossible, for the same reason, to locate the contact line between 
the Clinton and the overlying Niagara shale. 


Niagara Limestone. 
The limestones of the Niagara period are exposed at several places along 
a line from the northwest corner of the county to Bridgeport, across a section 
of country which has an elevation of 875 feet at the east line of the county, 
and rarely rises above 400 feet A. T., except in the northwestern part of the 
town of Lysander. Their position is sometimes indicated by a low ridge, but 
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this ridge is nowhere high enough to affect the drainage to any appreciable 
extent, except as it forms the northern rim of a shallow basin from eight to 
ten square miles in extent, known as the Cicero swamp. 

Diedrich’s quarry, from which Niagara limestone has, for many years, 
been taken for building purposes and for the manufacture of quicklime, is 
located in the western part of the village.of Lysander, a few rods south of the 
crossing of the Main street and the little stream known as Ox creek, which 
runs through a shallow north and south valley, about thirty-five rods wide at 
this point. The rock is exposed or very thinly covered for the entire width of 
the depression and on both banks for a short distance. A small quarry for- 
merly existed on the east bank, a few rods north of the street, and another a 
mile further north, near Baird’s corners, from which a considerable amount of 
building stone was taken. <A kiln for making quicklime was located there. 

At Diedrich’s quarry the stratum uncovered is about five feet thick and 
consists of a number of layers from two to six inches thick, of very hard, fine 
grained, dark grey bituminous magnesian limestone. Some of the layers are 
quite even in thickness, while others are mere Jenticular concretionary masses 
and are very uneven. Thin scaly seams of black bituminous matter separate 
the layers. Small irregular cavities, lined with crystals of calcite are common. 
Fossils are very rare. The quarries mentioned have supplied the principal 
part of the cellar and foundation stone used in the village of Lysander and 
vicinity, and slabs of considerable size have been used for the covering of road 
culverts and like purposes. A fair quality of quicklime was formerly made 
here, and the ruins of the old kiln remam. The rock breaks easily across the 
bedding with a straight smooth face and makes a handsome wall. Under the 
chisel it has a slightly conchoidal or cuppy fracture. The thickness of the 
Niagara limestone at this locality is unknown. It was penetrated eleven feet 
in a well dug near the residence of O. O. Brown, forty rods northeast of 
Diedrich’s quarry, and the bottom was not reached. 

On lands owned by Otis Bigelow, Esq., two and one-half miles northwest 
from Baldwinsville, the limestone is covered by three to four feet of drift over 
several acres. Workings, known as Ham’s quarry, were formerly operated at 
this place. The stone used in building Houghtaling & Bigelow’s large 
flouring mill in Baldwinsville was quarried here, and it has been used exten- 
sively for cellar and foundation stone, bridge abutments, culverts, and similar 
work in the vicinity. It was also used in the construction of the Delaware, 
Lackawanna and Western railroad. The stratum of limestone is about four 


feet thick in several layers, some of which are quite even in thickness. 
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Apparently the upper parts of the limestone beds have been removed, and 
the layers remaining are those of the base of the strata,as dark bluish shales 
appear in the bottom of the quarry. The excavations extend over a consider- 
able area, but are very shallow. They are now partially filled with water, 
and are overgrown: with weeds and bushes, thus precluding satisfactory 
examination. The line of outcrop crosses the Seneca river, one mile north 
of Newbridge. No outcrop is now visible, but loose slabs are very abundant, 
and were used in the construction of the Oswego canal, which occupies a part 
of the old river bed. 

On Peter Young’s farm, one-half mile northeast from Cigarville (Clay 
corners), in the town of Clay, the limestone has been uncovered by the 
removal of one to two feet of soil, and about 500 cubic yards of material for 
culverts and bridge abutments were quarried from the stratum, two feet thick, 
of good stone found here, and used in the construction of the Syracuse 
Northern railroad. A smaller amount was hauled to Brewerton for cellar 
stone. One layer, eight inches thick, is compact and quite even; the rest is 
not so good. The quarry has not been worked recently. The ground here 
is nearly level, and the old pit is now partly filled with water, and no outcrop 
is visible. 

In the town of Cicero, two and one-half miles east of the village of 
Cicero, the limestone lies very near the surface of an area more than one hun- 
dred acres in extent, and blocks of it, formerly scattered over the fields, now 
make a large part of the fencing for a number of farms. A quarry has been 
in operation for many years, on land owned by Mr. O. Whitney, and has 
supplied the principal part of the building stone used in this vicinity. About 
three feet of hard, compact limestone in fairly even layers, three to twelve 
inches thick, are here exposed. The color of the rock is very dark, dull 
grey, and where it has been long exposed in the farm fences, it 1s 
black. Some parts are very finely granular in character. Cavities of irregular 
shapes, lined with crystals of calcite are quite abundant. Quicklime was 
formerly made in a kiln situated about one-fourth of a mile east of Whitney’s 
( juarry ( 

At Bridgeport, the limestone is exposed in the bed of Chittenango creek, 
where it appears as a bar and creates a water power of considerable value. 
Although the Niagara limestone is but a few feet thick, the ease with which 
it can be quarried, and the position of its line of outcrop across the northern 
tier of towns, makes it of considerable economic value to that part of the 


county. No other building stone except, in some localities, a few erratic 
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boulders, can be obtained without the expense of transportation for fifteen to 
twenty miles. 

At present the output from the five quarries, which have been opened in 
it, is not large, but the amount is governed entirely by the demand for good 


building stone. 


Salina Group. 

The Salina group is composed of two thick deposits, which differ greatly 
both in appearance and character. The lower beds are known as the Red 
shales, and the upper as the Gypseous shales. 

Red Shales. The Red shales include many layers of green shales, and 
clouded or mottled red and green beds are of frequent occurrence. The red 
color is, however, very pronounced, a strong brick red; the green is a light 
but generally distinct pea-green. Some of the upper layers near the contact 
line are olive. Red is the predominating color in the lower beds, and green 
toward the top. The shale is very soft and clayey, crumbling into dust on 
exposure, if dry, or turning to clay, if wet. Some of the green and olive 
layers are fissile to a slight degree. 

In the Onondaga Brick Co.’s quarry, near Warner’s, there occurs a layer 
of coarse sandstone that resembles the Medina sandstone. Thin layers of 
drab magnesian limestone occur among the shales in all parts of the sub- 
group, but more abundantly toward the top. The Red shales constitute the 
bed rock in a belt averaging about seven miles wide, extending across the 
county parallel with the line of the Erie canal, which may be taken as its 
southern boundary. From this territory there are to be deducted outliers of 
the succeeding Gypseous shales in the hills in the northern part of Camillus, 
and the northeastern part of Syracuse. 

In the town of Van Buren, and particularly in its northern part in the 
vicinity of Dead creek and the Seneca river, the hills are beautifully banded 
and clouded in green and red where the shales come to the surface, or are but 
thinly covered by clay produced by their disintegration. The range of hills 
north of the West Shore railroad, near Warner’s station, is mainly composed 
of shales of the middle and upper parts of this sub-division. The Onondage 
Vitrified Brick Co. takes the raw material for its very large output of brick 
and tile from one of these hills, where a section seventy-five feet thick is 
exposed. The Central City Brick Co. also has a quarry im nearly the same 
horizon, in a low hill one and one-half miles southeast from Kirkville, near the 


Erie canal, from which it manufactures brick extensively. 
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The state ditch across the peninsula in the southwestern part of the town 
of Lysander, formed by the loop of the Seneca river near Jack’s Riffs, was 
excavated through a bed of quite hard clive and green shales and thin lime. 
stones, reaching the top of the Red shales. An exposure of banded green 
and red shales occurs on the east side of Onondaga lake, not far from the cor- 
poration line of Syracuse, and the redder shales may be seen farther north 
toward Liverpool. Neither salt nor gypsum is found in any considerable 
quantity in the Red shales. Their only economic value lies in the fact that 
they supply an inexhaustible quantity of good material for the manufacture 
of brick. For this purpose the shale is dried and screened to remove any 
fragments of limestone or sandstone, then pulverized, after which it is brought 
to the proper consistency by the addition of water and pressed into the form 
of bricks. The bricks are dried and baked in immense conical kilns till 
thoroughly hardened. 

The Onondaga Vitrified Brick Co. manufacture 10,000,000 building 
bricks annually. The Central City Brick Co. produced, in 1895, at their new 
plant at Kirkville, 1,500,000 ornamental pressed brick and expect the annual 
output to be many times that number hereafter. 

At the top of the Red shales, thin layers of drab limestones, some of them 
cellular, and all cracked and seamed and containing the hopper shaped forms 
which indicate the former presence of salt crystals, make up a large part 
of the rock strata, the remainder being composed of soft, clayey, olive, or 
harder, bluish and drab gypsiferous shales. Some of the olive layers show 
even more plainly than the limestone, that salt in seams and veins and crystals 
was once abundant in these rocks, and the disturbed condition of the strata 
makes the supposition not unreasonable that one or more layers of rock salt 
have been removed by dissolution. The great deposits of rock salt in, the 
western and central New York salt fields are all in this horizon, as is the bed 
reached in the wells of the Solvay Process Co. at Tully, which is, beyond 
doubt, the source whence has been derived the enormous quantity of salt held 
in solution in the brines of the Onondaga lake basin, from which there has 
been manufactured without material diminution of the strength of the brine, 
ten million tons of salt, equal to a bed of rock salt ten feet thick, covering 
310 acres. 

Historical Epitome of the Salt Industry. The first salt manufactured 
from the Onondaga Salt springs was on the sixteenth day of August, 1653, 
by Father LeMoyne, a Jesuit missionary, who says: “ We tasted the water of 
a spring, which the Indians were afraid to drink, saying it was inhabited by 
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a demon who renders it foul. I found it to be a fountain of salt water, from 
which we made a little salt, as natural as from the sea.” The Onondaga 
Indians continued to own and control the salt springs until 1788. During the 
intervening time they had learned to use it with their food and te manu- 
facture it. Small quantities of it were transported to Quebec and sold by 
them, and samples were carried by traders: to Albany. 

On the twelfth day of September, 1788, by the treaty of Fort Schuyler, 
under which the Onondaga Indians ceded to the State of New York all their 
lands, it is declared that “the salt lake and the lands for one mile around the 
same, shall forever remain for the common benefit of the people of the State 
of New York and of the Onondagos and their posterity, for the purpose 
of making salt, and shall not be granted, nor in any wise disposed of for 
other purposes.” 

In the month of May in that year, Comfort Tyler, with the assistance 
of an Indian who guided him to, and pointed out the salt spring, made thirteen 
bushels of salt in nine hours, with a fifteen-gallon iron kettle. In the winter 
of 1789-90, Nathaniel Loomis made between 500 and 600 bushels, which he 
sold for one dollar per bushel. In 1791 or 92, Wm. Van Vleck and Jeremiah 
Gould “made salt in chaldron kettles set in arches.” In 1793, the first 
“block,” four ealdron kettles set in one arch, was erected by Moses Dewitt 
and Wm. Van Vleck. In 1798, the Federal Company erected a plant, contain- 
ing thirty-two kettles in blocks of four each. 


- 


By act of Legislature, in 1797, the state assumed direct control of the salt 
reservation, and on June 20th of that year, William Stevens was appointed 
Superintendent of the Onondaga Salt Springs. Since that date the annual 
reports of the Superintendent show the amount of salt made each year. In 
1798, it was 59,928 bushels. In 1862, it was 9,053,874 bushels, the largest 
amount made in one year. In 1810, the water of Yellow brook was used to 
drive a water wheel to elevate the brine, and pumps, driven by horse power, 
came Into use about the same time. 

About 1821, the manufacture of coarse salt by solar evaporation was 
begun. In this*process the brine is exposed to the sun’s rays in large shallow 
wooden vats until crystallization takes place. At the present/time about 
seventy-five per cent. of the salt produced at the Onondaga Springs salt 
reservation is made by solar evaporation. The first wells were dug at the 
edge of the marsh at Salina. One of them, the first of any note, was sunk by 
Superintendent Kirkpatrick, about 1806. It was twenty feet square and 
thirty feet deep. In 1820, Major Benajah Byington was authorized to bore 
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for rock salt anywhere on the reservation. His explorations were made in 
the higher land east of Salina. They resulted in failure. In 1825, Simon 
Ford, engineer in charge of the salt works, drove a tube, twelve feet in diam- 
eter and made of staves thirty-two feet long, to a depth of thirty feet, and 
then removed the mud and earth from the inside, thus making a new well. 
In 1826, a well was sunk at Liverpool, that appears to have been in the shales, 
It was the only well that did not require to be curbed. In 1827, wells were 
sunk at Geddes, Salina, and one mile north of Salina. In 1830, iron tubes, 
twelve inches in diameter and three and one-half feet long, were clamped 
together and sunk, by boring, to a depth of sixty feet. In 1831, the Onondaga 
Salt Co. bored a well, 160 feet deep, to good brine. In 1839, a well was sunk 
at Salina by the state to the depth of 600 feet, in search of the bed of rock 
salt that was thought might be in the immediate vicinity and supply the 
saline qualities to the waters of the marsh, by contact with subterranean 
streams. No crystals of salt were found. It had been ascertained that the 
strength of the brine was greater as the depth from which it was taken 
through the tubular wells on the borders of the lake and marsh was increased. 
At sixty feet it was twenty-five per cent. stronger than in the old shallow 
wells. By the use of tubes constructed of iron or of hard maple wood 
banded and clamped with iron, wells were sunk in the mud and sand of the 
low lands about the head and east side of the lake, which reached the depth 
of 225 to 340 feet in the Syracuse wells, 150 to 310 feet at Salina, and 80 to 
100 feet at Liverpool. 

In 1851, a well was sunk in the middle of the valley, at the head of the 
lake, to the depth of 414 feet, through the following strata; 


White: andtpeach said * 1.2203, es teks Sos Ree 34 feet. 
Blue and Vicht colored elayea/.¢+05.-s oe eke 2 148 “ 
Ciparscrsingmr as) 2 3 iii ey eile oS i ae ey 209 
NOR STAVE saree ite eit cee esege bas ee rice he tale shee G* # 
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Except as to the thickness of the layers, this appears to represent the 
section in all of the producing wells, the best brine being found in the clear 
gravel, which is reached at varying depths in all of the wells. In 1888, fifty 
wells were in operation, and produced all of the brine from which salt was 
manufactured on the reservation. They were in five groups, as follows: 
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“Syracuse” group, fourteen wells; “De Wolf” group, six wells; “Gere” 
group, six wells; “Salina” or “Marsh” group, twelve wells, and the “Geddes” 
group, twelve wells, and produced brine of an average strength of seventy 
degrees salometer. 

In 1878, the truth of the long maintained assertion of Professors Eaton, 
Hall, Vanuxem and other geologists, that beds of rock salt occur somewhere 
in the rocks of the Salina period, was proven by the discovery at Wyoming, 
Wyoming county, N. Y., in a deep well sunk for oil or gas, of a bed of rock 
salt, seventy feet thick, 497 feet below the top of the Corniferous limestone, 
and at the base of the Gypseous shales. The Onondaga Salt Co. had sunk a 
well 715 feet at Liverpool, in 1867, after which no deep wells were put down 
in Onondaga county, until 1881, when the Solvay Process Co. drilled 1,040 
feet at Jamesville in the Butternut Creek valley, seven miles in a southeasterly 
direction from Onondaga lake, having reached the red shales at 587 feet, 
without finding salt. In 1882, the Solvay Co. put down a well at Cedarvale 
(formerly called Montfredy’s mills), about eight miles southwest from the 
head of Onondaga lake. The mouth of this well was about 700 feet A. T., 
and not far from the horizon of the top of the Corniferous limestone. Red 
shales are reported to have been reached at 705 feet. Brine was found, but 
no rock salt. The total depth of this well was 1,157 feet. About this time 
a deep well was sunk at Danforth, two and one-half miles south of the lake, 
in the Onondaga valley. No record of this well is obtainable. 

In 1884, Thomas Gale, Esq., had a well bored about three miles northwest 
of Syracuse, on the north side of Onondaga lake. The surface elevation at 
this well is 485 feet A.T. According to Dr. Englehardt’s record, the Niagara 
limestone was reached at 527 feet. Brine was found at 485 feet, 532 feet, 
1,895 feet and 1,500 feet, but no rock salt. In the same year the state well, 
situated on the south bank of the new channel of Onondaga creek, 1,000 feet 
east of the lake, and which had already been sunk to the depth of 430 feet, 
ending in red shale, was drilled to the depth of 1,969 feet. The mouth of the 
well is 369 feet A. T. Niagara limestone was at 578 feet. No salt was found, 
nor brine, except a small quantity in the upper shales. The sinking of these 
two wells settled the question as to the presence of rock salt beneath the 
reservation ; but the search was resumed toward the south, in the Onondaga’ 
valley, by the Solvay Process Co. 

In 1888, a well was begun in the town of Tully, eighteen miles south of 
Onondaga lake, in the middle of the south end of Onondaga creek, near a 
cross road at the foot of the drift hills. It was abandoned after penetrating 
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400 feet of gravel and quicksand, without reaching the bed rock. Another well 
was immediately started, 1,400 feet east of the latter, and on the side of the 
valley in the Hamilton shales. The Corniferous limestone was reached at 718 
feet, and rock salt 498 feet lower, the distance between the top of the Corni- 
ferous limestone and the top of the rock salt being one foot more than in the 
Pioneer well at Wyoming. Drilling ceased after forty-five feet of salt had 
been penetrated. No red shales were found. The total depth of this well, 
which is known as the “Tully well,” is 1,261 feet. The elevation of the 
mouth of the well is 901 feet A. T. The next well was put down one mile 
south of the village of Cardiff, three miles north of the Tully well. The top 
of the Corniferous limestone was reached at 244 feet: then 500 feet of lime- 
stone and 100 feet of red shale were drilled through without finding 
rock salt. 

In 1889, ten wells were drilled by this company along the foot of the hill 
on the east side of the valley, north of the Tully well. Nine of these wells 
stopped at or near the bottom of a bed of salt, forty-one to forty-seven feet 
thick. One of them passed through this bed, forty-three feet, then through 
twenty-five feet of shale, reaching a second bed of rock salt, fifty-four feet 
thick. Below this bed, forty-one feet of “ Magnesian shale” and ten feet of 
gypseous shale were penetrated. 

In 1890, ten wells were sunk. The records kept by the drillers show that 
"in one of them 318 feet, and in another 220 feet of rock salt were penetrated, 
but the number of beds and the thickness of intervening beds of shale, if any 
such were found, is not recorded. 

In 1891, eight wells were drilled to the salt beds. In one of these, four beds 
were found, respectively forty-six, seventy-four, thirty-six and sixty feet thick, 
making a total of 214 feet of rock salt; these were separated by three beds 
of shale, forty, thirty and thirty feet thick. 

In 1892, another well was sunk on the east side of the valley, making 
thirty wells in all. On account of its convenient location the “ Tully well” 
has not been utilized. The twenty wells sunk in 1889 and 1890 were located 
in five groups, each group consisting of four wells, one at each corner of a 
rectangle, 400 feet long, from north to south, and 150 feet wide. The groups 
were 1,000 feet apart, and very nearly on a north and south lne, making the 
distance between the wells at the north and south end of the series 6,000 feet. 

Of the nine wells drilled in 1891 and 1892, five were added to the groups 
as then arranged, two were located further south and formed a new group, 


and two made a new group north of the others. The seven groups were 
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designated A, B, C, D, E, Ff, G, beginning at the south. Very careful records 
of the strata, penetrated in drilling the wells, were kept by Mr. Hugh Graham, 
who superintended the work. The records of wells No. 1 and 4 of group 
“A” No. 1 of group “B,”’ and No. 1 of group “C” are especially minute in 
detail. From them the diagram on page 263 has been compiled. 

The land on which the wells are situated, has an upward slope from the 
bottom of the valley, becoming steeper very rapidly, and a few rods east of 
the wells the Hamilton shales crop out all along the hillside. The thickness 
of the drift passed through varies from eleven feet in two of the wells nearest 
the hill, to 256 feet and 322 feet in two of the most westerly, or nearest the 
middle of the valley. 

In the fall of 1895, the Solvay Process Co. began the work of sinking ten 
wells on the opposite side of the valley, about three-fourths of a nile west of 
group “A.” The wells are located in and about the mouth of the Vesper 
ravine. The record of the first well, completed on the west side, known as 


“No. 30,” is as follows: 


Surface elevation 114% .i975 4.4) sie aes 833.2 feet A. T. 
Top of Corniferous limestone at... ....00.... 6 tee 
Salt.ati. | ulule. dba Ce aaa eee Ld 74s 


Measurement by Locke level shows the mouth of this well to be 497 feet 
below the base of the Tully limestone, as exposed near the road leading from 
Tully to Vesper, the outcrop being one-quarter of a mile south of the well. 
Allowing ten feet for dip of strata, would give 483 feet + 675 feet — 1,158 
feet for the thickness of the Hamilton and Marcellus shales at this point: 
Salt was reached 499 feet below the top of the Corniferous limestone. 


The record of well “No. 32” is: 


Drift. telaiallaoeiee eee ae ae 12 feet. 
Corniferous limestone at.......f.0..- 645 “ .75 feet thick. 
Oriskany sandstone at. ........5.0.: Te “oe i 
Sali antic! © ster Pe Beer ee 08 chet ae 1d50u HEP 9ONSF a 
Depth of twell; snl: i Nase eee. BEG £O40% 

Well “No. 33: 
Corniterous lintestonénab dou 2F- e Baee ee _ 654 feet. 
Rock:aaltiatic. «etic Sac e Tee ee eee 1164 (@ 


The object sought by the Solvay Process Co. in drilling these forty 
wells, was a sufficient supply of salt to be used at the company’s works 
at Geddes, in the manufacture of soda-ash. The salt is dissolved out of the 


bed and conveyed to the works by gravity, advantage having been taken of 
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the natural situation. The wells, having a surface elevation of from 720 feet 
to 909 feet A. T., are from 819 to 508 feet above the Erie canal, 401 feet 
A. T., which is, approximately, the elevation of the works. 

About two miles southwest from the wells is Crooked lake, the only one 
of the Tully lakes that has a northern outlet; this has an elevation of 1,193 
feet A. T., or 284 feet higher than the mouth of the highest well. A dam and 
gateway were built at the foot of the lake to regulate the discharge, and a 
conduit of twelve-inch cast iron water-pipe was laid, through which the water 
flows to the wells, where it reaches the salt bed through three-inch iron pipes, 
placed inside of the six-inch well casings and, dissolving as much salt as it can 
carry, becomes saturated brine. The pressure in the three-inch pipe forces 
the brine up through the space between the two pipes to the surface, where 
it overflows and is conducted to the twelve-inch cast-iron brine pipe, through 
which it flows by gravity to the reservoir at Solvay. 

Mr. F. R. Hazard, Treasurer of the Solvay Process Co., has kindly fur. 
nished the following description of the Solvay process of manufacturing soda- 
ash or carbonate of soda: 

“Tn considering the ammonia-soda process, it is convenient to start from 
two different raw materials, and to follow them through the several opera- 
tions until they actually come together. For this purpose we consider salt 
and limestone. 

“Starting first, then, with salt. This is found in the condition of rock 
salt at Tully, and is reached by boring wells in the familiar manner. Fresh 
water is introduced into the wells, where it dissolves the salt, and is forced to 
the surface in the form of a saturated brine. The brine is then forced from 
Tully to the works at Solvay, and enters the storage reservoir. From the 
reservoir it is drawn as required into the works. On entering the works, the 
brine first meets the waste gases from all of the operations, and is used to 
wash them free of the last traces of ammonia. The ammoniated brine is then 
allowed to settle a sufficient length of time for the deposition of the impurities 
thrown out of solution by this preliminary process. ; 

“Turning now to the limestone. This is quarried from the ledges at the 
Split Rock quarries, and is broken to suitable sizes and transported in the 
overhead cable tramway system, and finally delivered at the top of the lime- 
kilns at the works. With the proper proportion of coke, the limestone is fed 
continuously into the top of the kilns. When burned, it produces ordinary 
quicklime, which is drawn from the bottom of the kilns. This is then placed 


in proper vessels, where it is slaked with water, and stirred up into a milk of 
17 
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lime. This milk of lime is sent to the distilling vessels in the works, where it 
meets the chloride of ammonia, produced in a later process. The reaction 
which here takes place, converts the calcium oxide of the milk of lime into 
calcium chloride, and sets free the ammonia which was held by the chlorine. 

“In the burning of the limestone in the kilns, carbonic acid gas is produced. 
This is pumped by suitable pumping engines, and after being washed in 
water, is forced into the carbonating system, where it meets the brine which 
has been previously supplied with the proper amount of ammonia. The 
whole ammonia-soda process depends upon the reaction which now takes 
place. The carbonic acid gas first takes the ammonia and produces a carbonate 
of ammonia. In the presence of this substance, and the excess of carbonic 
acid gas, a double decomposition takes place. The carbonate of ammonia 
takes the chlorine from the salt, and the sodium from the salt takes the car- 
bonic acid from the carbonate of ammonia. By these reactions, two new 
substances are produced, 7. ¢. chloride of ammonia and bicarbonate of soda. 
The first of these is a liquid and the second a solid. By means of suitable 
filters, the liquid is separated from the solid, and the solid bicarbonate of soda 
is roasted in proper furnaces, driving off the excess of moisture, ammonia and 
carbonic acid gas, and reducing it to the form of mono-carbonate of soda, 
which is the ordinary soda-ash of commerce. After the necessary grinding 
and screening, the product of the furnaces is ready for packing. 

“The chloride of ammonia in the liquid form is now returned to the distil- 
ling columns, where it meets the milk of lime produced at the lime kilns, and 
gives up its chlorine to the lime, thereby releasing the ammonia, which in the 
form of gas is put back again into the process. 

“ The chemical reactions of the ammonia-soda process are extremely simple, 
and together form an almost complete cycle of operations. It only remains 
to separate the chlorine from the calcium in the waste product, to make the 
process absolutely perfect. Upon this point, many of the most able chemists 
of the world are at present engaged. Although the chemical reactions are 
without complications, the handling of the carbonic acid gas and the ammonia 
present many practical difficulties, which it has cost many years of patient 
study and experiment to overcome. The apparatus necessary for the proper 
carrying out of the process has become complicated out of all proportion to 
the apparent simplicity of the reactions. This, however, is to be accounted 
for by the fact that the reagents to be handled are largely in a gaseous state. 

“The ammonia-soda process differs radically from the LeBlane process, 


which was its predecessor, in that the old process works largely in the dry 
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way, while the more recent process works entirely in the wet way to the point 
of the production of crude bicarbonate of soda. As this can only be decom- 
posed by heat, it is necessary to use, for this purpose, a single furnace opera- 
tion. Fifteen years ago, probably about four-fifths of all the soda produced in 
the world, was produced by the LeBlanc process. To-day it is safe to say 
that the ammonia-soda process produces fully three-fourths of the soda-ash 
produced in the entire world, and the remaining twenty-five per cent. alone is 
produced by the LeBlanc process.” 

The Solvay Process Co. was organized in 1881, for the purpose of 
engaging in the manufacture of soda-ash, and other soda salts by the ammonia 
process, under the American patents of Messrs. Solvay & Co., of Belgium, of 
which it has exclusive control. Works were erected near the Erie canal and 
New York Central railroad, a little west of the village of Geddes. 

The following statement recently published is claimed to be authentic: 

Capacity of works, 500 tons finished product daily. Present daily output, 
350 tons finished product. Men employed, 3,000. Coal consumed, 1,000 tons 
per day. Limestone consumed, 1,200 tons per day. Brine consumed, 800,000 
gals. per day. Water, 30,000,000 gals. per day. Land occupied, 2,000 acres. 

The “Mineral Industry” for 1896 (Statistical Supplement of the 
Engineering and Mining Journal, Vol. IV, pp. 57, 58), gives in greater detail 
the present amount and valuation of this company’s product, as follows: 

“ A few more or less unsuccessful efforts were made before 1884 to make 
soda in the United States, but the birth of the industry here must be said to 
haye commenced practically in 1884 with the manufacture of 11,000 metric 
tons of soda-ash by the Solvay Process Company, at Syracuse, N. Y. This 
Company was organized in September, 1882, with a capital of $300,000, and 
commenced the erection of works with an estimated capacity of 30 tons of 
soda-ash a day, and im 1884 it commenced regular production. To-day its plant 
covers an investment of some $6,000,000, and has a capacity of 75,000 tons of 
soda-ash alone at Syracuse. The improvements introduced from the very begin- 
ning increased the output beyond the estimated capacity when the works were 
planned, as is shown in the accompanying table of materials used and products 
turned out each year. This valuable table contributed to the Mineral Indus- 
try by the courtesy of the company, is in itself almost a history of the alkali 
industry of the United States, for it covers probably nearly ninety per cent. of 
the entire output. In 1894 and 1895, when there were a number of other 
producers, the Solyay Process Company made about three-quarters of the 
entire output and is now building a large plant near Detroit, Mich. 
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Report OF THE StaTE GEOLOGIST. 


Lardner Vanuxem, in his report on the Geology of the Third District 
of New York, 1842, describes the “shales and calcareous slates,” in which, it 
now appears the salt beds occur, as the “second deposit” of the Onondaga 
salt group. He does not state the thickness of the strata included under that 
designation, nor can any be definitely given now, as it is exceedingly 
variable. Along the line of outcrop the thickness is not more than fifty 
feet, perhaps considerably less in some places, while at Tully, including the 
salt, it is more than 300 feet. 

The layers of rock salt are also very unevenly bedded, as is shown by the 
Tully salt well records, and are probably largely heterogenous in character, 
as in the Livonia, Retsof, Lehigh and Greigsville salt mines in western New 
York. Mr. Graham states that the contact rock over the upper bed of salt in 
the Tully wells is limestone. 

The following table is copied from the Solvay Process Co.’s record. 
Nearly all of the wells end at the bottom of the upper layer of salt : 
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The third division of the Onondaga group, designated by Vanuxem 
the “Gypseous deposit,” is locally known under the name of the “ Gypseous 
shales.” It is the surface rock over a belt having an average width of two and 
one-half to three miles, parallel with the foot of the “ Helderberg escarpment,” 
with long extensions toward the south where the Limestone, Butternut, 
Onondaga, Marcellus and Skaneateles creeks have broken through and worn 
away the heavy limestones of the Corniferous and Lower Helderberg forma- 
tions and uncovered the gypsum beds. 

The contact line with the second deposit, that is, with the horizon of the 
salt beds along the north side of this belt, lies mostly in the low alluvial 
plains previously mentioned, and not far from the course of the Erie 
canal. 

The contact line with the hydraulic limestones of the Lower Helderberg 
group in the south, is usually found at varying heights in the face of the 
Helderberg escarpment. The territory embraced between these lines is much 
of it broken and hilly, and the rocks are abundantly exposed throughout 
nearly its whole extent, though the exposures are not usually continuous for 
a very long distance. 

The “Gypseous deposit” is composed in part of beds of fine grained 
magnesian or dolomitic limestones, generally in thin layers, sometimes so 
finely laminated as to become a slaty, calcareous shale. It also contains thick 
masses of gypsum and soft gypsiferous shale in two courses, separated by a 
bed of limestone forty or fifty feet thick. In the thicker and more compact 
layers of limestone, freshly broken blocks show the rock to be very dark, 
almost black, in the interior; but after exposure the color changes to an ashen 
grey or medium dark drab, sometimes showing a slight pink shade. It is very 
like hydraulic limestone in appearance, but the proportion of clayey admixture 
is so large as to injure or destroy its cohesive qualities. In the middle and 
lower beds it is frequently more or less porous or cellular. The cavities are 
sometimes an inch or more in diameter, very irregular and ragged in shape, 
and lined with a fine brown dust. When of this character, they are very 
unevenly distributed through the rock and most frequently are found on the 
surface of a layer, or opening into a joint. . 

In other layers, the cavities are found to be much more numerous, occu- 
pying in the aggregate nearly half the space of the rock, and having the form 
of circular cells, with the diameter ranging from one-fourth of an inch down 
to a needle point. Usually the cells in a particular layer of limestone have a 
considerable degree of uniformity in shape and size, but occasionally the con- 
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trary is the case. They are smaller in the lower beds. These cellular lime. 
stones are the “ vermicular limestones ” of the older reports. 

In the shaft sunk to the rock salt beds at Livonia, N. Y., at the depth of 
1,356 feet, thirteen feet above the salt bed, a stratum of this cellular magne- 
~ sian limestone was reached, in which the cells were filled with salt. <A large 
block was placed in a running brook, and in a few hours the salt had been 
dissolved out, leaving the rock in precisely the same condition that it presents 
when found in loose fragments or in the outcrops in this county. In the 
beds of limestone lying between the principal gypsum deposits, and more 
abundantly in that underlying the lower gypsum beds, hopper-shaped mud 
casts of what are supposed to have been salt crystals, are numerous. They 
are found in both the cellular and non-cellular layers. 

The “needle cavities,” or stylolites, are found in all the limestones, 
but more abundantly in the more compact layers at the top of the deposit. 
Gypsum occurs in layers, veins and nodules throughout the entire deposit, 
but most sparingly in the upper limestones, where it is either anhydrous or 
in the form of selenite. The two layers of gypseous shales, in which occur 
the gypsum beds that are quarried, appear, wherever this horizon is exposed, 
clear across the county, the upper bed forty to sixty-five feet thick, the lower 
twenty to thirty feet thick; the proportion of clayey matter being much 
greater at some localities than at others. ‘The upper bed is better in quality, 
more convenient of access and much thicker. Most of the plaster quarries 
now operated are in it. It appears to have been deposited in quiet waters, 
the deposit consisting of gypsum and clayey matter, the sulphate of lime 
greatly predominating at some horizons, while in others the proportion 
was small, and a stratum of shale was formed. Where the bed has been 
exposed for a length of time, it looks like a bank of soft dark shale. The 
lines of deposition are very even except where water has penetrated to it 
through a crevice in rocks above and dissolved out the gypsum, leaving a 
cavern partly filled with the shaly residuum and fallen fragments of the 
overlying limestones. These caverns or “pockets” are quite common and 
sometimes extensive. Where the bed of overlying limestones is thin, it is 
broken through to thessurface and “sinks” are formed, thereby increasing 
the inflowing stream of water and the rate of dissolution. 

In the Heard quarry, a number of these partially filled cavities are 
exposed, extending from the bottom of the workings to the top, fifty to sixty 
feet. Many of the minor disturbances of strata in the vicinity of the outerop 
of the gypsum beds are doubtless due to dissolution in this manner. 
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There are abundant evidences, too, of crystallization after deposition. In 
the richer parts of the beds lenticular layers of clear white or transparent 
crystalline gypsum, an inch or two in thickness, occur, and the laminae above 
are arched in conformity with them. They may be seen by the side of the 
Split Rock road, a mile west of the “ House of the Good Shepherd,” and in 
nearly every plaster quarry. The rock of this lower bed is sometimes called 
“black plaster,” as it is much darker colored, and this affects its commercial 
value, though the actual difference in purity is said to be slight. 

The gypsum beds are exposed in many places in the vicinity of Fayette- 
ville, in the town of Manlius, and south of Lyndon, in the town of Dewitt ; 
also near Brighton, in Onondaga, and in the southern part of Geddes. They 
are also exposed along both banks of Nine Mile creek, and on the line of the 
Auburn branch of the New York Central railroad in Camillus. 

The first discovery of sulphate of lime or gypsum in the State of New 
York, was made in 1792, by William Lyndsay, on Lot No. 90, in the town of 
Camillus. In 1808, a stock company was organized and began the business of 
quarrying and exporting gypsum, or land plaster, an industry that for many 
years was second only to the manufacture of salt in its importance to Onon- 
daga county. It has declined somewhat in late years, but recently discovered 
processes of making prepared wall plaster, into which gypsum enters largely, 
as the “ Adamant,” “ Eureka” and “ Paragon,” promise to increase the demand 
for it. 

When the gypsum is to be used as land plaster, it is quarried by the 
ordinary methods used in soft rock, then broken with sledges into pieces con- 
venient for handling, and hauled to the mill in carts. It is then broken in 
stone-crushers or crackers, and ground fine by the use of mill stones. It is 
then ready for use. For the manufacture of wall plaster it is calcined, becom- 
ing, when pulverized, plaster-of-paris. 

The principal men or firms who quarry and grind plaster, are: Thos. 
W. Sheedy, who has a mill at Fayetteville, and a quarry east of Fayetteville. 
He also buys rock plaster. Output, 2,000 tons annually. Bangs & Gaynor, 
Fayetteville, buy most of their stock from quarries in vicinity. Output, 5,000 
tons. Lansing & Son, Dewitt, quarry two miles west of Fayetteville, mill on 
the bank of the Erie canal. Output, 2,000 tons. F. M. Severance & Co., 
Dewitt, quarry at the “Heard” beds, two miles west of Fayetteville. 
Output 4,000 tons of rock plaster, shipped by canal out of county. 
Robert Dunlop, mill one-half mile north of Jamesville, quarry one and 


one-half miles northeast from mill; grinds and sells 2,000 tons annually. 
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E. B. Alvord & Co., Jamesville, buy and grind 2,000 tons. <A. E. Alvord, 
Syracuse, buys and grinds 3,500 tons. 

There are a number of small quarries in Manlius and Dewitt, besides 
these mentioned, but their product is sold to the mill owners and dealers, and 
the output is included in the amount stated. 

Mr. A. E. Alvord opened a quarry near Brighton, two and. one-half miles 
south of Syracuse, but is not operating it at present. None of the quarries in 
Camillus are now worked. L. D. Sherman, at Marcellus falls, grinds about 
300 tons annually; quarries near the Marcellus station. 

So far as known, the bed of gypsum quarried by F. M. Severance on the 
Heard farm is the thickest in the county, measuring sixty-five feet including 
some thin intercalated beds of shale. A few feet of dolomitic limestones at 
the top of the Salina group have very obscure lines of deposition, but split 
easily into thin slabs with a somewhat conchoidal fracture. These are pro- 
fusely scattered over the surface of the ground in the regions of the outcrop 
of this horizon, and are utilized as material for farm fences, etc. The needle 
cavities are very common in them, but fossils, except Leperditia alta, are 
wanting, or at least very rare. 


Lower Helderberg Group. 


The hydraulic limestone beds of Onondaga county, provisionally referred 
to the Lower Helderberg group, are composed almost entirely of even 
courses of very dark blue, fine-grained limestones, from one to five feet thick. 
Exposure changes the color to a medium light, dull, bluish grey, and makes 
the lines of bedding very distinct. With two or three exceptions, all of 
the beds are composed mainly of calcic carbonate and contain but a small 
amount of magnesian, or clayey matter, as compared with the “Magnesian 
deposit” below. They are known as the blue lime beds, and from them 
almost the entire output of quicklime of the region is taken. A few courses 
contain too much impurity for use in the manufacture of quicklime, and are 
utilized as building stone. The rock splits easily along the lines of depo- 
sition, and breaks across them with a straight, even fracture. In some 
localities, masses of Stromatopora occur, and the rock loses its regular struc- 
ture. The two beds of hydraulic limestone which give the name to this 
group, lie near the top of it, separated from each other by one to four feet of 
impure, blue limestone. The upper layer is a little more than four feet 
thick at the eastern boundary of the county, becoming thinner till it pinches 
out entirely in the Split Rock quarries, but reappearing near Marcellus falls 
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in Watkins’ quarry, where it is two feet, ten inches thick, and attaining a 
thickness of four feet, two inches in Corrigan’s quarry at Skaneateles falls, 
near the western line of the county. Here it is separated from the lower 
bed by a shaly parting of only a few inches, the whole making practically 
one bed, nine feet, six inches thick. 

At Manlius, the beds are separated by four feet, two inches of blue lime- 
stone; at Street’s quarry, near Onondaga hill, by one foot, eight inches; at 
Marcellus falls, by one foot, seven inches, and at Skaneateles, the beds prac- 
tically come together. The lower stratum of water-lime at Jas. Beahan’s 
quarry, in Manlius, is four feet, one inch thick; E. B. Alvord’s quarry, in 
Jamesville, four feet, five inches; at Britton and Clark’s, near Brighton in 
the Onondaga valley, five feet, two inches; at Walker's quarry, near Mar- 
cellus falls, it is five feet, three inches; and at Corrigan’s, at Skaneateles 
falls, the part of the bed that appears to be this stratumi is five feet, 
one inch thick. At Split Rock, the upper bed is well exposed and measures 
two feet, two inches thick at the southeastern part of the quarry. It is 
separated from the Onondaga limestone above by only a thin nodular shaly 
parting, which here represents the Oriskany sandstone. It thins out and 
entirely disappears in the western part of the quarry. The place of the 
lower stratum of water-lime is here oceupied by a bed of blue limestone 
nine feet, one inch thick. But twenty-one feet, eight inches below the upper 
layer, there occurs a layer one foot, five inches thick that is hydraulic 
limestone, though of an inferior quality. It was not observed elsewhere. 
This hydraulic limestone is brittle, clinking, compact, fine and even grained, 
dark colored, sometimes black in the interior, but, when exposed, quickly 
becoming a dull light grey with a slightly brown tint. It splits into small, 
thin, conchoidal slabs on the planes of deposition, which are very obscure. 
The contact lines above and below are very sharply defined. Sometimes the 
bed is divided into two or more layers, and the proportion of clayey matter 
is not quite uniform. The only fossil observed in the water-lime, or cement 
rock was found in the upper layer at the southeast end of the Solvay Process 
Co.’s quarry at Split Rock. This was an impression of one of the thoracic 
segments of an Hurypterus measuring two and nine-sixteenths inches in length, 
seven-eighths of an inch at the ends and one-half inch in the middle. It 
showed the segment to have been slightly pustulose. 

The peculiar property of hardening under water ‘possessed by this lime- 
stone when calcined and pulverized, was discovered about the year 1818 
during the construction of the Rome and Salina section of the Erie canal. A 
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quantity of what was supposed to be ordinary quicklime, from the “blue 
lime” beds of the Helderberg escarpment persistently refused to slack on 
the application of water, as required in the usual process of making mortar. 
This circumstance led Judge Benjamin Wright and Canvass White, civil 
engineers employed on the canal, to thoroughly examine the rock strata and 
they employed Dr. Barto, of Herkimer county, to assist them in a series of 
experiments which resulted in the knowledge of the great value of hydraulic 
cement, and of the method of preparation and the character of the strata 
from which it is derived. It was first used on the canal in 1819, and sub- 
sequent to that year all of the masonry on this construction was laid in 
water-lime. It immediately took rank as an important resource of Onondaga 
county and maintains that position to the present time. 

The quarries from which the cement rock is taken, are usually located 
near the top of the Helderberg escarpment, where the superjacent beds of 
limestone are comparatively thin. After these have been removed and utilized 
as building stones or made into quick-lime, the hydraulic limestone is loosened 
by blasting-powder and heavy bars, and broken into pieces of as nearly uni- 
form size as possible and convenient for handling, then loaded on cars or carts 
and hauled to the kins. The kilns are egg-shaped wells, ten feet in diameter at 
the top, twelve feet in the middle, three and one-half feet at the bottom, and 
twenty-eight to forty-two feet deep, with an opening at the bottom, from 
which the contents can be taken out at will. There are usually several kilns 
built in an embankment of very heavy masonry, so constructed against a 
hillside that the raw material can be conveniently conveyed there from the 
quarry, and burned lime easily removed from the bottom of the kiln. 

Great care is used in the selection of the material and the construction of 
the kilns, to enable them to withstand the long continued fierce heat. Onon- 
daga limestone is most commonly used, Oriskany sandstone occasionally. 
Generally, but not always, a lining of fire-brick is put in. When a kiln is 
ready to be filled, a cord of dry, hard, four-foot wood is put into the bottom 
and covered four inches deep with coarse anthracite coal, then a layer one 
foot thick of the limestone, succeeded by another layer of coal, partly coarse 
and partly fine. This is repeated till the kiln is filled to the top, which 
requires about ten tons of coal and fifteen cords of stone, equal to 1,500 
bushels of lime. Then the fire is started at the bottom, and gradually works 
its way upward until the whole mass is glowing with heat. After two or 
three days the gate or door in the bottom is opened, and through it the lime, 
now in ragged clinking masses, is drawn to the amount of 250 to 800 bushels 
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per day, fresh coal and rock being constantly added to keep the kiln 
full to. the top. This is continued as long as desired, or until repairs are 
needed. 

The material is next taken to the mill, where it is reduced by stone 
crushers, especially constructed for this purpose, to such a degree of fineness 
that it can be fed evenly through a hopper to the millstones where it is pul- 
verized to the fineness of flour. It is now hydraulic cement, and ready for 
use. It is shipped in bulk, or packed in barrels or sacks. 

Although the two layers previously described comprise all of the water- 
lime rock of commercial value in this county, the quantity of raw material in 
sight and convenient of access is practically unlimited. One cord of stone 
makes 100 bushels of cement, and the output can easily be increased to meet 
all demands. 

The following are some of the principal producers : 

Thomas W. Sheedy. Mill and three kilns one mile north of Fayette- 
ville; quarries on Dry hill, southeast from Fayetteville: also buys raw 
material. Output, 15,000 barrels. 

Bangs & Gaynor. Mill and four kilns at Fayetteville, quarries on Dry 
hill, and buys raw material. Output, 40,000 barrels. 

James Beahan estate. Mill and four kilns one mile north of Manlius, by 
the side of the Chenango branch of the West Shore railroad; quarry 100 rods 
south of mill. Output, 50,000 barrels. 

A. E. Alvord, of 223 E. Water street, Syracuse. Nine kilns and large 
quarries on the east side of the West Shore railroad, at Manlius village. The 
mill is at Syracuse. Output of cement, 45,000 barrels. 

Brown’s quarry, operated by Eaton Bros., at Edward’s falls, on West 
branch of Limestone creek, one and one-half miles southwest from Manlius. 
Mill with water power and one kiln. Output, 7,500 barrels. 

Robert Dunlop, one-half mile north of Jamesville, has five kilns, and a 
mill run by water power on Butternut creek; quarry on the hill east of the 
works. Output, 80,000 bushels. 

E. B. Alvord & Co. have a mill and two kilns in the village of James- 
ville; quarry one-half mile south of works on east side of Butternut creek. 
Output, 21,000 barrels. This firm has large quarries and four kilns on the 
west side of the valley near the reservoir, at which operations are suspended 
at present. 

Britton & Clark have a mill and seven kilns near the Delaware, Lacka- 
wanna and Western railroad, at the north end of the Jamesville rock-cut. The 
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rock is brought down in cars by gravity from the quarry, which is 100 rods 
south of the works. Output, 100,000 bushels. 

L. H. Walker has a cement mill, run by water power, near Marcellus 
falls. ‘The kiln is on the east bank of the creek, and the quarry at the top of 
the bluff behind the kiln. Output, 3,000 bushels. 

P. C. Corrigan has a mill and two kilns at Skaneateles falls, and two 
quarries, one on each side of Skaneateles outlet. Output, 12,000 bushels. 

In H. E. Alvord’s quarry, at Manhus, the top of the upper layer of 
hydraulic limestone is forty-six feet, four inches below the bottom of the 
Oriskany sandstone, which appears in the low bluff a short distance east of 
the principal excavation. This space is occupied by dark bluish or black 
bituminous limestones in “runs” or layers from one to nine feet thick, of 
the same general character as that next below the water-lime courses. The 
layers are usually separated by thin seams of carbonaceous matter. 

At the foot of the hill west of the cemetery, one mile south of Onondaga 
valley, two thin, non-persistent nodular layers of chert occur. No chert was 
observed elsewhere.in this horizon. Several species of fossils occur in these 
beds, though not all that are found in the upper layer appear in the lower. 

In Alvord’s quarry, a layer nine feet, eight inches thick at the thickest 
place, forms the “cap” of the quarry. It is exceedingly rough and scragey, 
and very striking in appearance. It is composed largely of the fossil Stroma- 
topora, and is very pure, making, when burned, a very superior quality of 
quicklime. This layer is very persistent, appearmg prominently at every 
exposure of this horizon, except in the vicinity of Split Rock. The fossil 
is very abundant also in many exposures in strata below the water-lime 
courses. At Severance’s gypsum quarry, in Dewitt, it may be seen not more 
than fifteen feet above the top of the massive bed of gypsum. Leperditia 
alta, Spirifer Vanuxemi, and Stropheodonta inequistrialis, also occur above 
as well as below the water-lime layers. The upper layers at Manlius con- 
tain several species of corals, cyathophylloid and favositoid, and a few 
brachiopods. 

At Jamesville, in E. B. Alvord’s quarry, on the west side of the valley, 
there are thirty-one feet of limestone between the upper water-lime bed and 
the Oriskany sandstone. Stomatopora is very abundant through the upper 
twenty feet. 

At Britton & Clark’s, south of Syracuse, on the east side of Onondaga 
valley, the same strata have a thickness of twenty feet. On the opposite side 
of the valley, two miles west, they are eleven feet, six inches thick, and at 
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Split Rock, the water-lime layer is separated from the grey Onondaga lime- 
stone by only two inches of coarse lumpy shales. 

At Walker’s quarry, at Marcellus falls, five miles. west from Split Rock, 
eleven feet of fine dark limestone intervenes, which at Corrigan’s, at 
Skaneateles falls, six: miles further west, has increased to twenty-one feet, 
nine inches, and the Stromatopora bed, two feet, six inches thick, appears in 
characteristic form. 

Economically considered, at least, all of the limestones lying between the 
gypseous shales and the Oriskany sandstone belong together. A large 
majority of all the quarries in the county are located in this horizon. From 
the purer layers, especially the Stromatopora beds locally known as the 
“diamond rock,” is derived all of the quicklime produced in the county, and 
the whole group furnishes an unlimited supply of easily worked, durable 
building stone and road metal that is easy of access, and contributes very 
largely to the prosperity of the county, and gives employment to a large 
number of its citizens. The Lower Helderberg or “blue” limestone is used 
principally as cellar or foundation stone, the Onondaga or grey limestone 
being generally preferred for cut work and dimension stone. Grace church on 
University avenue, Syracuse, and St. Mark’s church, in the western part of 
the city, both handsome edifices, are built of this rock in broken ashlar, 
trimmed with hammer dressed Onondaga limestone. The large flouring mill 
at Manlius, the Onondaga county almshouse at Onondaga Hill, and many 
other buildings used for business purposes or as residences were constructed 
of stone from these beds. It is much used also for road making, as it breaks 
easily into sharp angular fragments, making excellent material for that pur- 
pose, and for mixing with cement and sand to make concrete. A. E. Alvord 
has a steam crusher at his quarry on the north side of Rock Cut, near the 
Delaware, Lackawanna and Western railroad, which gives employment to 
seventy-five men. The output from this plant last year was 27,000 cubic 
yards. Britton & Clark’s annual output averages 5,000 cubic yards, and it 
is produced in smaller quantities at several other quarries where it is broken 
with hammers. 

.The process of manufacturing quicklime from the “blue lime” layers is 
the same as that employed in making cement from the water-lime layers, 
except that it is not necessary to grind the calcined rock, as it slacks on 
the application of a suitable quantity of water, and becomes a fine white 
powder, and is then ready for use. Some of the principal producers of 
quicklime are: 
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H. E. Alvord of Syracuse, quarry and kilns at Manlius. Annual out- 
put, 200,000 bushels. 

James Beahan estate, quarry and kilns at Manlius. Output, 75,000 bushels. 

E. B. Alvord & Co., Jamesville, 50,000 bushels. 

Britton & Clark, Rock Cut, 50,000 bushels. 

All of the limestone used by the Solvay Process Co., of Syracuse, in the 
manufacture of soda-ash, amounting to more than 250,000 tons annually, is 
taken from “blue lime” beds in the large quarry operated by the company at 
Split Rock, about five miles southwest from Syracuse. 

Very little blasting powder is required in quarrying these beds for 
building stone. In the flexing and tilting to which they have been subjected, 
they have been much shattered, owing to their rigid, brittle character, so that 
vertical cracks, joints and crevices are very frequent. By the use of heavy 
pinch bars large blocks are dislodged. These are roughly reduced with 
heavy hammers to such sizes and shapes as may be desired, then hauled to 
their destination where the facing stone or ashlars are finished with chisels 
and light hammers, the rest being laid into the wall without further dressing. 

During the century of occupancy of this region by white men, a very 
large number of quarries have been opened along the line of outcrop of these 
limestones, at first, to supply local demand in the building of the villages 
which sprang into being when the Seneca turnpike was the great east and 
west thoroughfare across the county, following very closely the brink of the 
great escarpment. Some of them were abandoned, but a large number of 
new ones, more conveniently situated in regard to transportation, were opened 
when the building of the Erie canal and the railroads and the rapid growth 
of the city of Syracuse created a new and immense demand from another 
direction. 

The following are the names of the owners of quarries who produce 
building stone from the “blue lime” beds: 
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Patrick Knox, East Onondaga, . . . . . . . 50 Cords, 
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Oriskany Sandstone. 


The line of separation between the top of these limestone beds and 
the base of the superjacent formations, is very distinctly marked. A 
thin seam of arenaceous brownish shale, or soft sandstone, which weathers 
out and crumbles away on exposure, separates the fine dark limestones from a 
bed of coarse, ight grey, sometimes pinkish sandstone, which is nodular in the 
lower two or three inches, and usually has flattish pebbles of dark rock 
embedded in it, but is compact above. In some localities it is well cemented 
and durable, at others it turns dark-colored and crumbles easily. Its position 
in the escarpment is well toward the top, and generally only the edge of the 
layer is exposed. 

At Manlius, the lower fourteen inches of a layer two feet, three inches 
thick, is characteristic Oriskany, gradually changing to a calcareous sandstone 
and then to a pure blue-grey limestone, identical in appearance with the 
overlying Onondaga limestone. At Alvord’s quarry southwest from James 
ville, it is a layer of friable sandstone, weathered to dark brown. At Britton 
& Clark’s and at Russell’s, it is substantially the same as at Manhus. It is 
exposed, and large loose blocks abound, on. the side of the hill a short distance 
southwest from L. C. Dorwin’s quarry, one mile south of Onondaga valley. 

Tlere it is a pure sandstone, very light grey with a pink shade, containing 
many impressions of fossils, Spirifer arenosus largely predominating. The 
stratum is here four to four and one-half feet thick. In the Street quarry 
north of Onondaga hill, it appears at the west end as a coarse conglomerate 
about six inches thick. At Split Rock, there is but a trace of it in the seam 
of nodular calcareous shale which separates the blue lime from the grey beds. 

At Walker’s quarry, Marcellus falls, a layer of granular limestone 
five feet, three inches thick, is arenaceous toward the bottom, the lower 
four inches being characteristic Oriskany. The whole layer is brownish 
grey after exposure. It is very remarkably developed in the northern part 
of the town of Skaneateles, on the ridge east from Marysville. It is well 


exposed above Corrigan’s quarry as an unusually clean sandstone, very light 
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grey or pink, weathering white and containing, especially toward the bottom 
of the beds, impressions of great numbers of Spirifer arenosus and associated 
fossils. 

The greatest thickness observed in this county was eighteen feet at this 
place. Good exposures occur a mile or two northeast, and in the vicinity 
of the road leading from Skaneateles to Elbridge. Vanuxem states its 
thickness here to be thirty feet. Fragments, large and small, easily recognized 
as from this bed, are found scattered over the fields clear to the south line of 
the county. Mr. Graham says that in the Tully salt wells the Oriskany sand- 
stone is fifteen to eighteen feet thick, light-colored, coarse and gritty, wearing 
away the corners of the drills so that they “get out of gage” and make a 
smaller hole. 

The economic value of the Oriskany sandstone to this county is not great. 
It was quarried in the town’of Skaneateles and used in the construction of 
the lock on the Erie canal at Jordan, also for cellar and foundation stone, and 
occasionally for lining in lime kilns. The proximity of the Onondaga hme- 
stone which can be worked much more cheaply appears to be the main cause 
of its disuse. 


Upper Helderberg Group. 


The strata of this formation are represented in this county by a bed of 
light grey, glistening, semi-crystalline limestone, separated by thin seams of 
carbonaceous shales into layers from an inch to two feet, six inches thick, 
and which maintain their character and thickness over large areas. Many of 
these layers are compact and composed almost entirely of calcic carbonate, 
but others, and they are not confined to any particular horizon, are shaly 
and contain more or less argillaceous matter. Both the compact and the 
shaly layers contain fossils in great abundance, especially corals and crinoids. 
Many" species of brachiopods and gasteropods are common everywhere in the 
beds. Flattened nodules of dark bluish black chert or hornstone, some- 
times in continuous layers, also occur throughout the entire mass, though 
more common in the upper part. 

At Manlius, in Alvord’s and Hinsdell’s quarries, a layer of chert occurs 
in the stratum of limestone superjacent to the Oriskany sandstone: also 
in the lower layers at the Reservation quarry, and at every exposure of 
the Onondaga limestone as the lower part of the formation is frequently 
called, as well as in the upper part to which the name Corniferous was given 
on account of the presence of the hornstone. The rocks of this epoch have 
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a total thickness in Onondaga county of about sixty feet at the eastern 
boundary, increasing to seventy feet at the western. At the Tully wells they 
are seventy-five feet thick, according to Mr. Graham who superintended the 
drilling. The Corniferous limestone is the surface rock over a narrow belt 
at the top of the Helderberg escarpment, rarely showing more than a few 
feet in the face of the cliffs, though at the west end of the great chasm of 
the Green lakes, two miles north of Jamesville, the upper twenty-five feet 
of the vertical wall is of Onondaga limestone. At Dry hill in Manlius, 
along both sides of Onondaga valley, at Split Rock, and in fact at almost 


every exposure it has been worn away, almost or quite, to a thin edge, evi- 
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FiGurE 8. East and west section across Onondaga county, showing the position of the lime- 


stones in the Helderberg escarpment. 


dently by glacial action, as glacial polishings and grovings are abundant. By 
reason of its elevated position it was subject to the full power of the denud- 
ing forces, and huge blocks were torn-loose, tossed about and scattered in the 
wildest and most fantastic manner. On the hillsides along the north and 
south valleys, immense limestone boulders abound for many miles, and some 
were carried to the tops of the highest hills. The window and door sills of 
the stone store at Pompey hill were cut from a large block of Onondaga 
limestone found a short distance away, on the very summit of the hill, six 
miles south and at least ‘one hundred feet above the bed from which it was 
torn. The line of outcrop extends for the entire width of the county, with 


elongations toward the south along the sides of the valleys. East of Manlius, 
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on: Dry hill, there is a large area where the rock is bare or but slightly 
covered ; also northwest from Jamesville, in the vicinity of the Green lakes, 
and about Split Rock. 

The Corniferous limestone is of great economic value as a building stone. 
It is strong and durable, can be quarried without difficulty and dressed into 
any desired shape, as it is soft and tough. under the chisel and dressing 
hammer. It is capable’ of receiving a high polish. It is bright looking, 
clean and handsome, and does not fade or change color on exposure, and 
is abundant without limit. Many large buildings in the county are con- 
structed of this stone, and it is used very extensively for trimming and 
ornamenting brick buildings. Large slabs of it are used for flagging on the 
principal business streets of Syracuse. It is much used in monumental 
work in the cemeteries, and for curbings, hitching posts, horse blocks and 
the like. 

Quarries near Manlius and at Split Rock supplied large quantities of 
heavy cut stone for locks and culverts along the Erie canal, as far west as 
Rochester, where it was used in the construction of the aqueduct across the 
Genesee river, and from these and the numerous other quarries which have 
been opened all along the ledge, has been taken the material for the bridge 
abutments, culverts and other stone work required in the building of the 
several railroads which intersect the county, and also the highways in the 
vicinity. 

Operations have practically ceased in a large number of the grey lime 
quarries, and the business is confined to a few of those most favorably located 
in regard to accessibility and cheapness of transportation into Syracuse. The 
manner of quarrying the Corniferous limestone differs somewhat from that 
employed in the blue limestone quarries, and is substantially as follows: 

The soil and shale or undesirable rock is “stripped” or cleared away 
over the surface of the layer to be used. Lines are then drawn which 
indicate the size and shape of the block or slab required. Along these lines 
a row of holes one inch in diameter, and four to six inches deep are drilled, 
a foot or less apart, a “wedge and feathers,” two half-round pieces of iron, are 
then inserted in each hole, and the wedges carefully driven so that the strain 
shall be uniform for the entire length of the line and until it is sufficient to 
cause a fracture. The slab is then removed by the use of large derricks, and the 
process is repeated. The blocks and slabs are generally, but not always, hauled 
from the quarries in the rough state; the smaller ones to stone yards where 
they are dressed and the heavier ones to the places where they are to be used. 
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The largest quarry now in operation in the Corniferous limestone is: at 
the Indian Reservation in the Onondaga valley, three miles south of Syracuse. 
Kelly Bros. operate the principal part of it. They employ thirty-five men, 
and their annual output is 12,000 cubic yards. Patrick McElroy works the 
south end of the quarry. He employs eight men a part of the year, taking 
out 750 cubic yards during the season. The section exposed here embraces 
thirty-seven feet, four inches. The bottom 1s about five feet above the 
Oriskany sandstone. The top layer is shaly. Fossils are exceedingly abun- 
dant at these quarries, especially in the shaly layers. 

In the Solvay quarry at Spht Rock, the Corniferous section shows at 
the southwest corner, twelve feet, ten inches of compact or shaly layers of 
limestone with shaly partings. Dimension stones are quarried from the 
compact layers. John Kearney, near Onondaga hill, quarries 1,250 yards 
annually, and Job James, in the same locality, 250 yards. A. E, Alvord owns 
a large quarry one-half mile east of Manlius, where the section shows seven- 
teen feet, six inches of the lower part of the Corniferous limestone, nearly 
all of which is in compact layers of convenient thickness, 

There are several other grey lime quarries in the vicinity of 
Manlius, but the expense of transportation precludes extensive operations 
at present. E. B, Alvord & Co, operate a small quarry at the base of the 
Corniferous limestone, one mile south of Jamesville, on the east side of the 
Reservoir. William Maylie’s quarry, one-half mile southeast from Marcellus 
village on the Cedarville road, is in the upper layers of the Corniferous, as 
are also John Clancy’s and Martin Hogan’s in the same vicinity. 

The section in Maylie’s quarry shows seventeen feet, two inches. At 
the top, four feet, three inches is shaly and very fossiliferous; the other layers 
are quite compact. Several thin nodular layers of black chert occur. 
Some of the lower layers of limestone are quite bituminous and very dark 
colored, but weather to light grey. The cut stone for the dam at the foot 
of Otisco lake was taken from Maylie’s quarry. Mr. Mayle also burns quick- 
lime, running one kiln, Nodules of iron pyrites in some localities very 
injuriously affect the value of these upper beds for building purposes, but at 
these last mentioned quarries the rock is quite free from it. John Keénan’s 
quarry a few rods south of Corrigan’s, at Skaneateles, shows about four feet 
of hard limestone next to the Oriskany sandstone, and above that five feet 
of shaly limestone in which are a few hard layers three to four inches 
thick. The material for the Glenside mills was quarried near the mills. 
J. H. Ketchum’s quarry one-half mile south of Skaneateles falls near the creek, 
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in the horizon of the middle of the Corniferous strata, shows a section of 
twelve feet in even compact layers one to two feet thick. One layer of black 
chert two inches thick is persistent. 

Many prominent buildings in the city of Syracuse have been built of 
Onondaga limestone. Among them are the Onondaga County Court House, 
on West Genesee street, built in 1857; St. Mary’s Cathedral, built in 1874 ; 
Reformed Protestant Dutch Church, on James street, built in 1884; May 
Memorial Church, on James street, built in 1884; St. Paul’s Cathedral built in 
1884; the Post-Office building, on East Fayette street, built in 1884; the W. 
S. Peck block, on West Water street, built in 1887; the City Hall, on East 
Washington street, built in 1892; the Onondaga County Savings Bank, - 
corner of Salina and Genesee streets; the Hall of Languages, Syracuse Uni- 
versity ; Senator Horace K. White’s residence on James street, one of the 
most elegant in Syracuse, is built of medium-sized blocks of grey limestone, 
laid in broken ashlar style. 


Hamilton Group. 


Overlying the Corniferous limestone, and constituting the surface rock 
over nearly all that part of the county south of the great limestone ledge, 
are the soft shales and fine thin sandstones of the Hamilton group, the 
lowest division of which is the Marcellus shale, so named because of its 
favorable exposure in the town of Marcellus. The transition is abrupt, the 
black shale being in immediate contact with the grey limestone below. In 
the lower seven feet it is more or less calcareous owing to the presence of 
immense numbers of a minute pteropod, Styliolina jissurella, and at one 
horizon indurated, forming a thin, non-persistent layer of very dark laminated, 
impure limestone. Except in these calcareous portions, where they are blue- 
black, the shales are very bituminous and fetid, black with a brown streak, and 
become rusty on exposure by reason of the abundance of iron in their com- 
position, and fissile, with very thin laminae. Fossils, especially Leorhynchus 
limitaris, are quite abundant in some of the calcareous layers. Thirteen feet 
above the top of the Corniferous limestone there occurs the layer of hard, 
dark impure limestone, about two feet, six inches thick, known as the Gonia- 
tite limestone on account of the abundance and great size of this fossil. 
The stratum is usually composed of two layers, the lower one the thicker. 
Adjacent to the shales the limestone is compact and even, but in the middle 
part it has the appearance of being concretionary, and when broken presents 


a rough, scraggy surface. 
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The fossils are most abundant in the lower part of the upper layer. 
Specimens of Goniatites Vanuxemi, which show the original adult shell to 
have been from eight to twelve inches in diameter, are common; also orthoce- 
ratites, two inches in diameter and a foot long, and many other interest- 
ing fossils. 

he limestone is slightly exposed on the hill east of Manlius village, 
south of Eagle, but very much better in the southwest corner of the town of 
Manlius, along the Jamesville turnpike. In a small ravine near the school- 
house in District No. 8, at a fall about fifty rods from the road, the limestone 
is well exposed, accessible, and very rich in fossils. It can be traced along 
the ridge toward the west for nearly a mile, though this being a region of 
Hexures, it is easily lost sight of. 

It crops out near the highway a mile northwest from Onondaga hill, also 
along the road between Loomis hill and Howlett hill. There are several 
outcrops between Marcellus and the Onondaga valley near the Cedarvale 
road, and also on the road between Marcellus falls and Marysville. 

Next above the Goniatite limestone is a bed of fissile shale or slate, 
forty to fifty feet thick, black and ferruginous like that below, but not 
calcareous, and very rarely containing a fossil. Irregularly disposed in this 
bed, though more abundant at some horizons than others, are many large 
concretions, some of them very symmetrical flattened spheres, while others 
are elongated, nodular and frequently geodic septaria. 

The shale above gradually loses its slaty, bituminous character, becoming 
softer and more argillaceous, the color changing to a bluish grey, the concre- 
tions smaller and less abundant. The change is so gradual that any line of 
separation between the Marcellus shales and the Hamilton shales must be an 
arbitrary one. It has been placed at 200 feet above the Corniferous lime- 
stone, which is a liberal allowance for the thickness of the Marcellus. Neither 
the limestones nor the shales are of appreciable economic value. 

All the experience of men who have spent time and money in the 
vain search for coal in these beds has not even yet entirely destroyed the 
belief that it exists in large quantities, the belief resting on the presence of 
occasional thin seams of coaly remains of plant life, and the general carbon- 
aceous appearance of the shales. 

The Hamilton shales and sandstones are the surface rocks over an 


area equal to about one-third of the county—an area embracing the southern 
parts of the towns of Pompey, Lafayette, Onondaga, Marcellus and Skaneateles, 


and the northern parts of Fabius, Tully, Otisco and Spafford, and ex- 
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tending into the deep valleys of Skaneateles, Otisco and Tully lakes, 
Labrador creek, Keeney’s creek and Limestone creek, quite to the southern 
boundary. Throughout this entire region of high hills and deep valleys, 
the rock is generally but thinly covered with drift, and the soil is largely 
composed of disintegrated shales, especially along the sides of the hills. 

At the base of these Hamilton strata is a mass of soft argillaceous shales, 
brownish or bluish grey, with layers of olive or light blue color; some thin 
layers are bituminous. Calcareous concretions are not uncommon. Fossils 
occur sparingly in the lower part, but more and more abundantly toward 
the top. 

The thickness of this part of the Hamilton group, which embraces the 
Ludlowville shales, is between 300 and 400 feet. It is exposed in the Lime- 
stone creek valley, north of Delphi; also in the vicinity of Watervale, and in 
the Butternut creek valley, in the vicinity of Onativia station, in the Onon- 
daga creek valley north of Cardiff, and in many places in the southern parts 
of the towns of Marcellus and Skaneateles. 

A large portion of the upper Hamilton rocks is composed of soft 
shales, similar to those just described, but intercalated with them are beds 
of coarser arenaceous shales and schistose sandstones in which fossils are 
exceedingly abundant, masses of them supplying calcic carbonate sufficient to 
cement the loose and rather friable material into firm hard rock. These hard 
layers frequently appear on the sides of the hills, forming terraces and escarp- 
ments distinguishable for long distances, and show plainly the southerly dip 
of the strata. These terraces are developed to a remarkable degree on the 
sides of the valley of Onondaga creek south of Cardiff, where six can be 
distinctly seen on the west side. One of them rises as a bold escarpment on 
the hill west of the village of Delphi. Several occur also on both sides of 
the Otisco valley south of the lake, and in many other places. 

The sandy layers are exposed at the top of Pratt’s falls, and between 
there and Pompey hill, and at Conklin’s falls and Delphi falls, in Fabius in a 
ravine west of the dam at the foot of the DeRuyter reservoir, also in the 
valley between Fabius village and Keeney’s settlement. The ravines about 
Cardiff and in the vicinity of the Tully salt wells are excellent places in 
which to examine them and to collect fossils, and the same is true of the 
Otisco valley, particularly at the mouth of the Bucktail ravine. The 
whole series of the upper Hamilton shales and sandstones is well exposed 
at the south end of Skaneateles lake in the numerous ravines, and along 


the shore. 
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On the east shore, two and one-half miles from the head of the lake, near 
Staghorn point, is a very remarkable bed of fossil corals. It is a solid mass of 
cyathophylloid or cup corals, together with other genera. It is five feet thick at 
the thickest place, and is exposed along the shore, near the level of the water, 
for a distance of a quarter of a mile or more. Thousands of specimens, some 
of them ten or twelve inches long, and sufficiently suggestive of staghorns to 
give the name to the point, are in sight in the layer or loose in the water. This 
coral reef, or a similar one at about the same horizon, is exposed at Lord’s hill, 
several miles northeast, and along the hillside west of Otisco lake. From 
its position it seems probable that this bed is the eastern extension of the 
Encrinal band of the western counties, which abounds in cyathophylloid 
corals of the same species. 

At the top of the group there are about fifty feet of soft dark shales, 
which contain iron pyrites and become rusty brown on exposure. Calcareous 
concretions and thin non-persistent calcareous layers composed entirely of fossils 
are common. The color and character is maintained, though the beds become 
thinner, as far west as Livingston county, where they form the upper ten feet 
of the Moscow shales. A good exposure of this horizon is by the roadside, one- 
fourth mile north of Tully centre, on the upper road. Another is at Tinker’s 
falls, near Labrador pond ; also on the dugway road, from Spafford village to 
Skaneateles lake. The Hamilton shales have had a very important part in 
the composition of the fertile soil of Onondaga county, but the direct economic 
value of the group is very small, and is confined to a few of the sandy layers 
that are durable enough to serve as building stone. 

Pompey Academy was built in 1834, of stone quarried on M. Beard’s 
farm, one and one-half miles north of Pompey hill, and the material for the 
two stone buildings used as stores were from the same quarry. Another 
quarry on the Dowlett farm, one-quarter mile southwest from the same 
village, supplied the stone for the Dowlett residence, and the brown-grey 
slabs, covered with impressions of large lamellibranchs and brachiopods, have 
been built into all the cellar walls and stone fences in the vicinity. The 
material for the dam at the foot of the DeRuyter reservoir was quarried from 
a hard layer near the west end. 

The Tully limestone, the last division of the rocks of the Hamilton 
group, is composed of several thick layers of hard, hght blue limestone and 
intercalated beds of calcareous shales, which appear in the southern tier of 
towns, and separate the brown-grey Hamilton shales from the black Genesee 


slates. Some parts of the limestone are quite pure and even grained, but the 
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larger portion, though quite hard, is a lumpy, rubbly mixture of limestone 
and a small amount of clayey matter, which breaks easily with a very irregular 
vertical fracture, and on exposure is inclined to crumble. At most exposures 
the upper and lower layers are shaly. It 1s exposed on the hillside west of 
the Tully lakes, where it forms a sharply defined terrace, which gradually 


rises toward the north into a bold escarpment nearly 100 feet high. It has 


Figure 9. The Tully limestone section at Carr’s quarry, Tully, N. Y. 


been quarried for building stone and burned into lime at this place. At 
Carr’s quarry, the upper shaly part is covered; the thickness exposed is 
twenty-three feet, four inches. Barrett’s quarry near by is not now operated. 
The Solvay Process Co. quarried in this ledge for stone used in building the 
dam and gateways at the foot of Crooked lake. Ousby’s quarry, one-half 
mile east of Tully village, is not operated, and but a part of the limestone is 


exposed. 
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There are no other good exposures of the limestone in the eastern part of 
the county, but at Tinker’s falls, just over the line in Cortland county, near 
Labrador pond, it forms the crest of the fall, which is sixty feet high and 
projects over the shales beneath in the shape of a crescent, which is eighteen 
feet wide in the middle. The upper part is hard limestone, mostly rubbly ; 
the lower ten feet, nearly all shaly. The total thickness exposed is twenty- 
nine feet, six inches. There is a small outcrop in the southeast corner of the 
town of Fabius. 

The terrace reappears, though less distinctly seen, on the north side 
ot the Vesper ravine, and continues with one interruption—that of the Otisco 
creek—to a point about one mile northeast of Otisco centre, where the out- 
crop on the Kingsley farm is the most westerly exposure in the county. 
According to Mr. E. B. Knapp, the limestone is twenty-two feet thick, and 
its altitude 1,500 feet, A. T. 

In the Bucktail ravine, near Spafford Hollow, the Tully limestone is the 
crest of a high fall, and it is exposed in a small ravine near by. It is also 
exposed near the highway one mile southeast of Borodino, where it is unusu- 
ally rich in fossils, one horizon being a crumbling mass of sections of crinoid 
columns, and orthoceratites a foot long and two inches in diameter occur. 
The strata here are in a disturbed condition, as though they had been under- 
mined and had fallen with a slidmg movement. The Nunnery schoolhouse, 
one-quarter of a mile south from this exposure, was built fifty years ago from 
Tully limestone quarried near by. . 

From this point south along the east bank of Skaneateles lake, it appears 
in several ravines. Where the highway crosses the ravine, above Colonel 
Jenney’s cottage, there is a fall and a vertical exposure where, including a 
few feet above the bridge, the limestones measure thirty-two feet, ten inches. 
An excellent exposure for examination is in the dugway road leading up from 
Spafford landing. An outlier, which is quite extensive, occurs in the hill 
north of the village of Tully. The limestone is exposed near the mill dam in 
the bed of the small stream that runs through the village. It would seem 
from the elevation and position of Pompey hill, that the Tully limestone 


should be found there, but such is not the case. 


Chemung Group. 


All the rocks of the Genesee epoch and that part of the Portage 
epoch which includes the lower Black band and the second Black band, 


as those formations appear in Ontario and Livingston counties, are repre- 
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sented in Onondaga county by a bed of bituminous black shale with slaty 
laminze, which is exposed to a small extent in the high hills in the south 
part of Fabius, Tully and Spafford, with a spur extending into the eastern 
part of Otisco, and an outlier in the southern part of LaFayette. Fossils, 
except plant remains, are exceedingly rare, and concretions, so abundant at 
this horizon further west, are seldom seen in this county. There are few 
good exposures of the entire section. One, however, occurs in the road lead- 
ing up from Spafford’s landing on Skaneateles lake. The bed here is 
ninety feet thick. It is exposed in the ravine east of Ousby’s quarry, near 
Tully village, and the upper part in “ King’s gulf,” one-half mile south of 
Ousby’s. The upper part is somewhat less bituminous here than at Spafford. 
Outerops of this bed occur at various places on the sides of South mountain 
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Figure 10, The east and west rock section along the southern boundary of Onondaga county. 


in Fabius, and considerable time and money has been expended in digging 
into it, in the vain belief that, beyond exposure, it would be found to be coal. 
Nothing of economic value has yet been discovered in these black slates. 

In the absence of any well defined line of separation between the Genesee 
slate and the Portage shales in the western counties, this bed of black slate 
may be assumed to belong to the Genesee. The light colored Portage shales 
with flaggy layers and thin sandstones are the surface rocks over the steep 
‘sides of the highest hills in the extreme southern part of the county, and also 
occupy a part of the high plateaus usually found at the summits. About 
twenty feet next above the Genesee slates are soft light bluish or olive shales, 
some layers fissile, others blocky, non-fossiliferous so far as known. Above 
these, eighty-five feet of rather hard blue shales with a few thin sandstones in 
which no fossils were observed, then a bed of sandstones and hard shales. 
At “King’s gulf” these sandstones contain Au/opora in large quantities, 
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besides Spirifer, two species of goniatites, etc. Above this is a succession of 
hard, sandy, bluish shales and thin bedded sandstones, aggregating 155 feet in 
thickness. The sandstone layers in the upper part of this division have been 
quarried for flagstone near the village of Spafford. In some of the layers of 
shale which separate these sandstones at the quarry, specimens of Strophomena 
mucronata and a small Orthis are quite abundant, and other species occur 
sparingly. This quarry is 260 feet above the top of the black shales, and is 
in the Ithaca beds of the Portage group. This horizon is not exposed in 
King’s gulf, but near the top of the hill directly east, in the highway lead- 
ing from Tully to Truxton, a layer of sandstone crops out which contains many 
Chemung fossils. This layer is 265 feet above the Awlopora beds and 3870 
feet above the top of the black slate. Overlying it and outcropping m many 
places, are hard shales and sandstones, which cap all the high hills on the 
southern boundary line of the county, the greatest thickness being 300 to 350 
feet, all belonging to the Chemung group. Although these upper sandstones 
are suitable for building stones, and in some places for flagging, they are not 
quarried. The loose blocks and slabs scattered about the fields supply the 
demand, which is entirely local. 

The quarry at Spafford was operated vigorously at one time, and pro- 


g, which was taken down the hill to Spafford’s 


duced some very fine flagging, 


Janding, thence to Skaneateles by boat. It is not now operated. A factory 
located at Manhus manufactured whetstones from a layer of Portage sand- 
stones in Labrador hill, or South mountain. They were called “ Labrador 
stones,” and had a large sale, but their manufacture has ceased. Many flags 
from the Awlopora beds may be seen in the sidewalks in Tully. They were 


quarried a few miles south, at Preble, in Cortland county. 


Quaternary Era. 


The deposits of the Quaternary era consist of the earlier drift material 
brought from the north, with additions from the local limestones and. shales 
carried by a southward movement and spread over all the south part of the 
county, even to the tops of the highest hills, where granite boulders and 
blocks of Medina sandstone, together with Lower Helderberg and Onondaga 
limestones, are common, This drift is generally coarse and unassorted, and 
the few beds of sand or clay found in sheltered positions are small and of 
little importance. 

The valleys of Limestone and Butternut creeks in the town of Fabius, 
and of Onondaga creek in Tully, are choked by immense deposits of unstrati- 
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fied drift to the height of 1,250 to 1,300 feet, A. T. The Limestone creek 
has cut a deep gorge through the mass. between the DeRuyter reservoir and 
Delphi. A large deposit of this character near Apulia separates the waters 
of Butternut creek from those which flow southward to the Tioughnioga 
river. The Onondaga valley in the town of Tully is closed by a mass of 
drift piled in great disorder to a height of 400 to 450 feet. The surface is 
very uneven, especially on the west side, and the Tully lakes lie in the 
depressions, some of them draining into Onondaga creek, and others into the 
west branch of the Tioughnioga. ‘The mass is unassorted gravel, usually very 
coarse, containing a large proportion of limestone pebbles and boulders, with 
other material brought from farther north. 

Here and in all the higher parts of the county, sand, suitable for build- 
ing purposes, is found only in small isolated deposits, which are well distrib- 
uted, however, and sufficient for the requirements of the inhabitants. The 
most important sand beds are those along the sides of Onondaga valley, 
between the Indian Reservation and Syracuse. They are from fifty to one 
hundred feet thick, the top of the formation being a little more than 500 
feet,, A; T. 

On the east side, in the vicinity of Brighton, the deposit is very 
large, varying in quality from fine sand suitable for stone work to the coarser 
grades and fine gravel. At Dorwin’s springs on the west side, there is a large 
deposit at the north end of a broad terrace which extends out into the valley, 
and there are others farther north. Digging out and hauling the sand into 
the city of Syracuse furnishes employment for a considerable number of men. 
Some of the principal owners and dealers are : 

L. C. Dorwin, who leases his sand pit, from which are taken annually 
25,000 cubic yards. 

Benjamin Clark, pit near cemetery south of Onondaga valley; output, 
1,000 cubic yards. 

Frank Patterson, Brighton, 6,000 cubic yards of sand, of which 2,000 
cubic yards are shipped out of county; also sells 2,000 cubic yards of gravel 

annually. 
3 George Kleinheinz, Brighton ; 8,000 cubic yards annually. 
James McComb, Brighton, 300 cubic yards annually. 
Hugh Scott, Brighton, 600 cubic yards annually. 
Samuel Irving, Brighton, 200 cubic yards annuaily. 
Lucian Cross, Brighton, 400 cubic yards annually. 
Richard Crandon, Brighton, 400 cubic yards annually. 
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The principal part of this sand is used in the construction of buildings, 
cement sidewalks, and pavements in the city of Syracuse. The Adamant 
Plaster Co. uses 4,000 cubic yards; the Eureka Plaster Co. uses 4,500 cubic 
yards, with capacity recently increased to 7,000 cubic yards; and the Paragon 
Plaster Co. uses 6,000 cubic yards annually in the manufacture of wall plaster 
prepared ready for use, which is to a large extent shipped out of the county. 
In the northern towns good sand is found abundantly sufficient for local use, 
though no large deposits were observed. 

Clay beds of the Champlain epoch occur in ail the valleys in the county 
south of the line of the limestone outcrop. Many of them show by their red 
color that they were derived, in part, at least, from the Salina shales. A 
large deposit of this stiff red clay occurs at the south end of the Onondaga 
valley in the vicinity of the salt wells, at a distance of seventeen miles from 
the nearest present exposure of the red shales and 200 feet higher. University 
hill in Syracuse, is partly composed of the red clay, generally mixed with 
fragments of shale and limestone. In the middle of Onondaga valley, in the 
southern part of the city of Syracuse near Brighton and Midland avenues, 
there is an extensive deposit of clay which is owned by the Syracuse 
Pressed Brick Co. It is on the flat in the middle of the valley, at an elevation 
of about 450 feet A.T. When the alluvial soul which is eight to twelve inches 
thick is removed, a bed of reddish brown clay two and one half to three feet 
thick is found, from which bricks of a rich dark red are made. The next one 
and one-half feet below includes the irregular contact lime between the upper 
bed and the second one, and this material is made into ordinary building 
bricks which’‘are of various shades of red or buff, and sometimes mottled. The 
second stratum of clay from the top is three feet thick. It contains less iron, 
and bricks made from it are light buff. They are burned hard, and like the 
dark red ones from the upper layer, are used as facing brick. 

The lower bed is dark bluish brown, and is made into ordinary building 
brick. The company employs forty men and fifteen boys durmg the season. 
The output in 1895 was 4,000,000, This company has recently purchased 113 
acres of land east of the city on which are large clay deposits, and expects in 
the immediate future to manufacture on a large scale bricks from these beds. 

On the north side of the city Just beyond the corporation line there are 
several brick yards. The owners are: 

Preston Bros., 7th and North streets; employ eighteen men. Annual 
output, 2,000,000. 

G. W. Peck & Son, 7th and North streets; fifteen men. Output, 1,500,000, 


‘USMY WOANSS SHL NO ‘'390INSMAN LV 'ANVdNOD DNIAVd GNY MOING MYOA MAN AHL JO Saag AVIO 


OOGNOIMYHO. HIISNST WH dodMNAM 


WAX 3LW1d 


ar \ 
290 Report oF THE Srare GEouoaist. 


A brickyard was started by Ammi Crawford in 1829, at this place, long 
known as Brickyard Point. Tile and a small amount of pottery were made 
here about 1846. Since the organization of the New York Brick and Paying 
Co, the clay has been transported to Syracuse by canal and manufactured 
into vitrified or paving brick, without the addition of any new material, by 
the ordinary method employed in making bricks for building purposes, 
except that the application of a higher degree of heat is required. 

The following analysis of this clay was kindly furnished by Mr. J. L. 
Breed, general manager of the company: 
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The company employs forty men. The annual output is 10,000,000 
bricks, of which 8,000,000 are used in paving streets and 2,000,000 in build- 
ings. Five miles of the streets of Syracuse are paved with these brick. The 
company also manufactures acid proof brick and tile for the lining of digesters 
used in the manufacture of paper. 

Deposits of marl and marly clay are found in the towns of Fabius and 
Tully in the vicinity of the lakes, ponds and swamps, the calcic carbonate 
being derived from the large amount of comminuted or pulverized limestone 
in the drift. Marl is found in large quantities in and about all of the small 
lakes in the limestone section of Dewitt and Manlius, and in Onondaga and 
Cross lakes. Cicero swamp contains a very large bed, and others occur in the 
marshy tracts in the towns of Dewitt and Manlius. Other large deposits of 
an exceptionally pure quality have been found in Camillus, Elbridge and 
the southern part of Van Buren, near the Erie canal. The marl from some 
of these beds is very pure calcic carbonate. When made into bricks and 
burned it makes exceedingly white, clear lime. It has been utilized for this 
purpose to aslight extent, and it has been considered as of some value as a 


fertilizer. Its chief economic value at present is due to the fact that it is the 
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principal ingredient in the composition of “Portland” cement, which is an 
artificial water-lime, having the property of hardening or “setting” under 
water. 

The American Portland Cement Co. has a plant in the town of Elbridge, 
two miles east of Jordan, and owns fifty acres of marl and clay lying on both 
sides of the Erie canal, and another bed of marl near Jordan station. The 
marl bed at the works is from eight to fifteen feet thick, and has the appear- 
ance of a bed of pure white clay. Entire specimens of recent fresh water 
shells are very abundant in it, and also in the bed of marly bluish clay beneath 
it, which is the other important component in the cement. 

The process of manufacture is briefly as follows: After the muck has 
been carefully removed, the mar] is dug out and conveyed to the works, where 
it is thoroughly mixed by machinery with water and a definite proportion of 
clay, together with a small amount of other material, and pressed into the 
form of long rough bricks. These are placed on small platform cars, in layers 
crosswise, with a space between to allow circulation of air; then taken to a 
large room through which is driven a strong current of air heated to a tem- 
perature of 150°, where they are rapidly dried and become hardened so that 
they can be hauled. They are then placed in large circular kilns, with alter- 
nate layers of coal and subjected to a high degree of heat for three days. 
When sufficiently cool, stone crushers and mill stones reduce the calcined 
‘mass to the consistency of fine flour. It is then ready for use. 

The American Portland Cement Co. at its Jordan works has twelve 
kilns and employs seventy-five men. It manufactures 2,500 barrels of 
cement per month. In the town of Camillus, one-half mile south of Warners, 
the Empire Portland Cement Co. owns extensive marl and clay beds and 
manufactures Empire Portland Cement on a large scale. The marl bed one- 
half mile west of the works is six to seven feet thick, covered by two to 
twelve inches of black muck. Beneath the marl is a bed of bluish marly 
clay two and one-half feet thick. Steam is employed in excavating the marl 
and clay and hauling the loaded cars to the works. This establishment turns 
out 400 barrels of finished cement per day and employs 110 men. The large 
plant of the Warner Cement Co., located on marl and clay beds one mile west 
of Warner’s, 1s not in operation at present. Nearly all of the cement produced 
in the county is exported. The amount of marl and clay in the county 
adapted to the manufacture of artificial cement is practically unlimited. 

Deposits of carbonate of lime in the form of travertine, sometimes 
called “basswood limestone,” “horse-bone” and “petrified moss,” derived 
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from the same sources as the marl, are common throughout the county except 
in the northern tier of towns. These deposits are usually found where some 
subterranean stream of water surcharged with lime carbonate comes to the 
surface, forming a spring around which, as the water is evaporated by exposure 
to the sun and atmosphere, the travertine is deposited, sometimes with earthy 
and vegetable matter, but frequently free from them. The proximity and 
abundance of lime in more convenient forms deprive this material of the 
economic value it might otherwise have. 

Masses of conglomerate, or “hard pan,” formed by infiltrating calcareous 
waters depositing lime carbonate in sufficient quantities in beds of gravel or 
coarse sand to produce cementation, are common. A remarkable instance is 
exposed in Hopper’s glen, near Onondaga valley, where a small stream has 
cut through a bed of very coarse gravel fifty feet thick, which is so firmly 
cemented that it does not disintegrate on exposure; but as the softer material 
beneath it has been removed by the action of the stream, it has fallen into 
the ravine below in enormous masses. Some of the larger are thirty to forty 
feet in their longer diameter. 


Condition of the Rock Strata. 


The general southward dip of the strata, about forty feet per mile, is 
apparent without the use of instruments. Except in the vicinity of the 
limestone escarpment, the undulations which are of frequent occurrence are 
low and long, for that reason easily escaping notice, unless observed along the 
shore of a lake where comparison with the level surface of the water brings 
them more plainly to view. Approaching the line of the great outcrop of the 
limestones from either the north or the south side, it is found that the flexures 
are sharper and more numerous, and that along the entire length of the 
escarpment in this county, and including a belt three to five miles wide, 
evidence of profound movement and disturbance of the strata appears at 
nearly every exposure. Vertical faultings of more than a few inches were 
not observed, but overthrusts producing dislocation of the strata to the 
amount of several feet, anticlines with extensive longitudinal fissures at the 
summit several inches wide, chasms and jointings, are numerous. 

In Beahan’s quarry, near Manlius, as shown in the south wall, the strata 
dip to the southwest for twenty rods at the rate of three feet per one hundred, 
then for two rods the floor is level to the foot of an inclination that rises for 
four rods, one foot in ten, and continues at a somewhat lower angle for some 
distance further, covered by drift. One hundred rods south of Beahan’s, 
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im Alvord’s grey lime quarry, a fissure four inches wide has been worn at 
one point to a foot im width, by the surface water that poured through 
here to unknown depths below: and thirty rods east of the quarry occurs 
a chasm three or four feet wide, partially choked by dislodzed blocks of 
limestone. By the side of the railroad midway between Beahan’s and 
Alvord’s lime kilns the summit of an anticlinal fold in the upper part of the 
Gypseous shales is exposed: and near Tod’s gypsum quarry the magnesian 
limestones of a low ridge have been extensively fiexed and fractured. On 
the south side of the road leading from Manlius to Jamesville. near its cross. 
mg with the town line of Dewitt, the top of the Corniferous Hmestone is 
exposed in the bottom of the ravine near the schoolhouse. and in another 
ravine onehalf mile to the west. A steep upward inclination toward the 
south beginning near the road is continued twenty-five or thirty rods, elevating 
the strata at least sixty feet. 
In Britton & Clark’s quarry a thirty-foot section of an anticline shows 
several vertical fissures, the widest being eight inches, extending below the 
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Fiewee ll. Overihrust fexure and fault in C. H. RuesselF= quarry at East Onondaea. 


bottom of the quarry. At C. H. Russell's quarry near East Ono mdaga, the 
floor at the west end shows a fine syncline, and at the opening in the south 
wall near the east end, the fracture plane of an upthrust fault is exposed. 
The dip of the fracture plane is twenty degrees toward the south, and the 
displacement of the strata is forty-two feet. The floor of the quarry south 
of the fault for about one hundred feet is level, then dips to the south again 
at an angle of twenty-eicht dezrees, twelve feet to the end of the excavation. 
The wall of House’s quarry south of the old arsenal at East Onondaga, can be 
seen from the opposite side of the valley, showing the arched strata of an 
anticline. At the Reservation quarries, the limestones show little disturbance 
except near the southwest comer. In the vicinity of Bellevue heizhis, the 
magnesian Hmestones where exposed are folded and broken, and at Decker 
Street there is a fissure ten inches wide filled with brecciated travertine. ~ At 
Split Rock the strata are but slightly folded, though some wide and deep 
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fissures occur, A mile southeast from the village of Marcellus, in the deep 
valley leading toward Cedarville, the top of the Corniferous limestone is 
exposed over a large area, and the undulations are very apparent. 

In Wm. Maylie’s quarry at this locality, an overthrust fault displaces the 
strata two feet, two inches. The dip of the fracture plane is eighteen and 
one-half degrees. This quarry is three miles from the north edge of the 
Helderberg escarpment. 

Walker’s quarry near Marcellus falls exposes a north and south section 
200 feet long, in which the limestones dip toward the south, thirty-six feet. 
At the north end of the quarry, which is near the summit of the anticline, 
there is a fissure two feet wide, and six rods north another, now partially filled 
with large blocks of limestone, that is four feet wide. 

All of the quarries above mentioned are in the Corniferous and Lower 
Helderberg limestones, and the flexures and fractures described are in the 
upper part of a bed of hard rocks 250 to 400 feet thick, 

On the north side of the escarpment, the rocks of the Gypseous shales 
and the horizon of the salt beds, wherever exposed, are in the same disturbed 
condition, bu+ the most apparent effect of the flexing is the reduction of the 
thin bedded or shaly limestones of that horizon to a-loose mass of uncemented 
breccia. In grading a street in the western part of the city of Syracuse a bed 
of limestone was found to be so finely broken to the depth of five feet that 
it was plowed without difficulty. 

The well known exposure on Green street, in Syracuse, in which appear 
the eruptive dikes of peridotite is the most interesting one in this connection, 
and perhaps in the whole county. 

The high ridge that separates the Onondaga and Butternut creek valleys 
extends from Tully to the southeastern part of the city of Syracuse, ending 
one-half mile north of the University of Syracuse, which is situated on the 
terminating slope of the ridge, at an elevation of about 600 feet A. T. At 
the foot of the slope is an alluvial plain three-fourths of a mile wide, having 
an elevation of 402 feet A. T. On the north side of this plain there rises to 
the height of 150 feet an elevated, uneven tract bounded on the west by the 
Onondaga lake basin, and extending two or three miles toward the north and 
east. On the south side the slopes are generally quite steep, but more gentle 
on the west and north sides. This elevated tract has the appearance of being, 
and doubtless is, composed largely of drift material, but in the southwest 
part of it, at least, the bed rock lies near the surface, though there are no 


natural outcrops. In an effort to modify the grade of Green street north of 
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Lodi street a few years ago, a cut was made exposing a section of the rocks, 
200 feet long and 12 feet high at the highest point. 

In the fall of 1895, a ditch for water mains was dug seven feet below the 
street gerade, enlarging for a few days the exposed section to that extent. The 
rocks uncovered are the thin bedded and shaly magnesian limestones that 
occur immediately above the horizon of the rock salt beds, and lie on the 
southwestern slope of an anticline, the outlines of which are obscured by the 


drift. ‘They are much flexed and broken by the eruntion of the material com- 
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FIGURE 12. The location of the peridotite dike in the city of Syracuse. 


posing the dikes. The principal dike is twelve feet, four inches wide at the 
surface of the road bed, and approximately the same to the bottom of the 
dike. Above the sidewalk the width increases to the top of the bank, where 
it is twenty-five feet, and a layer eight to ten inches thick is spread over the 
surface of the rocks for several rods toward the east, thinly covered by the soil. 
Another and much thinner dike occurs about one hundred feet west of the 
main one, and there are evidences of two others, also small. The middle por- 


tion of the main dike is composed of quite firm and hard, dark green peridotite, 
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but adjacent to the walls and in the smaller dikes and the overflow layer 
it has decomposed and is now very soft and friable and greenish yellow in 
- color. The main dike is exposed also on the south side of Green street, but 
for only a few rods south of that point. It extends in a northerly direction 
across James street, and has been traced by Mr. P. F. Schneider as far as High- 
land street, a distance of a little more than a quarter of a mile. 

A water pipe ditch dug near the west line of lot No. 805 James street, 
and another on the premises of Mr. Hiscock on the opposite side of the street 
exposed, and was excavated through, the decomposed overflow layer of this 
eruptive to drab limestone beneath. The excavation for the foundations of a 
barn on Green street, six rods east of the main dike, exposed a layer of the 
same character, ten inches thick, spread over the shaly limestones. Grading 
Elm street, which runs parallel with the dike nearly one-half mile to the east, 
has exposed the rocks, and shows that the inclination of the strata corresponds 
to the general slope of the hill. 

The position of the dikes as exposed at Green street is on the southwest 
slope of the hill, and sixty feet higher than the low land at the south. The 
elevation increases somewhat toward the north. Evidences of the eruption 
have been found in this place, over a section one hundred rods in length 
and twenty to twenty-five rods in width. 

The occurrence of the eruptive rocks in this region was first recorded by 
Vanuxem (Annual Report, 1839; Final Report, 1842) and Beck (1842). The 
original locality “on the Foot-street road to the east of Syracuse,” was lost 
sight of, and the rock was afterward known only from the few specimens 
which had passed into the collections of some of the older educational insti- 
tutions. From such material its nature was studied and its eruptive character 
demonstrated by the late George H. Williams (American Journal of Science, 
1887, and Bull. Geolog. Society of America, Vol. 1). A new exposure of this 
rock was brought to notice by Mr. Schneider, in 1895, at DeSono station on 
the West Shore railroad,. about one-half mile south of Dewitt Center, and 
an account of its occurrence and nature published by Messrs. Darton and 
Kemp (“A Newly Discovered Dike at Dewitt, near Syracuse, New York. 
Geologic Notes by N. H. Darton. Petrographic Description by J. F. Kemp”: 
American Journal of Science, vol. 49, pp. 456-462, 1895). 

On account of the disturbed condition of the strata, any figures given in 
regard to the dip can be only approximately correct. From data gathered 
from the records of the Solvay Process Co.’s wells at Tully it was found that 
the upper surface of the Corniferous limestone has a southward dip of forty 
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feet, seven inches per mile. In Dr. Englehardt’s record of the state well drilled 
in 1884 at the south end of Onondaga lake, it appears that the Niagara lime- 
stone was reached at 208 feet below sea level. As it appears at the surface 
nine and one-half miles north of the well at an elevation of 375 feet A. T., 
there is apparently a dip of 61 + feet per mile. Using the record of the 
Gale well on the north shore of the lake in like manner, the result is 54 + feet 
for the dip of the limestone. This increase of dip is explained partly, at 
least, by the fact that the thickness of the red. shales and the rocks of the 
salt horizon increases rapidly toward the south as shown by the well records. 
On an east and west line the dip of the top of the Corniferous limestone is hardly 
measurable. By comparison with known exposures in Genesee county it is 
found to average ten inches to the mile toward the west for the whole 
distance. The average westerly dip of the Tully limestone to Ontario county 
is 7 + feet per mile. 

So far as can be determined by the data at hand, the rock salt beds have 
no dip, but are practically level on an east and west line. Some small gas 
springs occur in the vicinity of Skaneateles lake and Otisco lake, and at other 
localities in the Hamilton shales, but the quantity of gas is not large enough 
to be of commercial value. The amount found in the Tully salt wells was 
also slight. Large leases of land in the towns of Lysander and Clay have 
recently been made by a company intending to sink wells to the Trenton lime- 
stone for gas, but as yet no drilling has been done. 
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Table showing the Economic Products of the Rocks, and of the Sand, Clay 
and Marl Beds of Onondaga County. 


NAME OF PRODUCER. LocaLiry. PrRopucr. AMOUNT. | oF 
| | Mey.) 
| 

D.-W. Sheedy 7.222 becceeee tes Fayetteville -.....-.. Building stone. 50 cords 12 
ED ou sp HOCd re oan Senne ean ete Fayetteville ......... Cement........ 15,000 bbls. 
T. W. Sheedy .---- SetBaneeeonee Fayetteville .......-- Plaster ....-.-. 2,000 tons ...- | 
Bangs) & Gaynor os-ceeee ees Fayetteville ...--.-... Cement. sece=- 40,000 bbls. | 25 
Bangs & Gaynor: s.scces544-0 Fayetteville -...--..- Plaster:5-254--- 5,000 tons poses | 
Thansing 8 Sons. a-ne eee neler oe Fayetteville -.--.-.-. Plaster --.....- 2,000 tons | 5 
F. M. Severance & Co..-.--...-.. | Fayetteville -.--....- Plastéreee ose. 4,000 tons) 10: 
James Beahan estate ......----- Manis te eres eet Cement..-.....-. 50,000 bbls. 25 | 
James Beahan estate ........--. HEN MIO ES Soe Seats oat Quicklime . -.-- 25,000 bbls. | ---- 
PNG Tip NNO) Wile An oc. coco teesee | Manlius and Syracuse} Quicklime - --.. 200,000 bu. | 100 
AS ES: AlyOrdises aetercie. 2 -ese ine Manlius and Syracuse} Cement.....--- 125,000 bu. | ..--. 
AL) HAUL VOrG So leh oda. see aia Manlius and Syracuse| Crushed stone -| 27,000 cu. yds. | 
At ns PA yord see iot bee. Sie meee Manlius and Syracuse} Building stone-| 200 eu. yds. | Behe 
VANEEY -Alvords 22s 2 sehen oe Manlius and Syracuse] (aleined gypsum... -- | 3,500 tons | .-.- 
HahOny BLOB. sos Hee ria eee ae Manlius/- 42 22- 2-=--- Cement...----- 7,500 bbis. | vee | 
Robi) Dunlopes-. 35. .5---0 ees Jamesville -....----- Cementiemes== - 80,000 bu. | 20 | 
Robi. Dunlopmeee sa sce eee Jamesvilles js. c= assis Plaster .... 2,000 tons)... | 
LC] OR ABIVENIKG) 9) sors sore egeco SHE Jamesville. -.-.-.-.-. Building stone. 100 cords | .... 
BiB. Alvord: &aCom ss... 25-2en | amesvilles ceeeeece Cement.....-.. 20,000 bu. | 20 | 
he By Alvord G&4@omeceses cs cer Jamesville. ......---- Quicklime. .--- 50,000 bn. 
He By Alvord di Coteeneas = -ssect: Jamesville. ......---. Plaster .....-.- 2,000 tons ae | 
BoB sca v ond &: @ Greece. cise Jamesville......-.-.. Building stone. 250 cords . =e | 
Britton. & Clark . 222. .--.-.-+. Syracuse ........---. @émentinee. seat 100,000 bu. 30 
Britton\& Clark. faeces sen aoa WY RACUS@ Leer este Quicklime . .-. -| 50,000 bu. | ..-. | 
Britton dé Clark: =. Seaee as. = see SY DACUSC se. ee -fe ae Building evoned 2,500 cords | .... | 
Britton: Claris irc sete re -)- 55 SW LAGCUSO se periep sce ae Crushed stone.) 5,000 cu. yds. | ae 
Kelly) Brossec -- ahi 4). eee ecees Indian Reservation --) Building stone-| 12,000 eu. yds. | 35 | 
BoMeblroye-oeasacees-smeeme so: Indian Reservation --| Building stone.) 700 eu. yds. | 5| 
Mhos.. Cong hlinwees ein araseie Indian Reservation -.| Building stone. 400 cu. yds. 3| 
OSH. Russell see ec. Beene East Onondaga....-. | Building stone.| 1,000 cu. yds. 8| 
Cash Worden ce sea sse ser eee | East Onondaga ..---. Building atone. | 200 en. yds, | 2| 
John ‘Connolly: ses. cto see East Onondaga ....-- Building stone.| 500 cu. yds. 4 
DD r8e) Gi. SUORY:- a aerea es ae alas ex ae Onondaga Castle .--.| Building stone.| 800 cu. yds. | 3 
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Table showing the Economic Products of the Rocks, and of the Sand, Clay 


and Marl Beds of Onondaga County.—Continued. 


NAME OF PRODUCER. LOCALITY. | PRopUCT. AMOUNY. on VALUE. 
| MEN. | 
| 
John Kearméy:.-:s22=s2ss.05- =~ Onondaga hill....... | Building stone.) 1,450 eu. yds. | 8 $5,800 
Seen USTOYNG, 35 seco caqaeAsEccear Onondaga hill. ....-. Building stone.| 1,500 cu. yds. 10 | 6,000 
1b, (Oy IOS o i Se cer Sos aoa meee Dorwin springs..---. | Building stone. 800 eu. yds. 5 3,500 
sac olepee ace cae ie secs Bellevue avenue ..--.| Building stone.| 1,000 cu. yds. 6 4,500 
Geommedhen dia. seems > see= East Onondaga ------ Building stone. 500 cu. yds. 4) 2,250 
Healey CNG G Saas tetera s saree ae’ = East Onondaga -..--- Building stone. 50 cu. yds, 1| 225 
Solway, Process Gosia. .2)20o2 2-2 HSOLVaYy: ..s-eeens <<< Quicklime . -... 9,000,000 bu. | 3,000 | 900,000 
Solvay Process Co..........---. Sol Mayra gos eaete ens i= Salt easecehne 14,000,000 bu. - | 1,120,000 
Solvay Process Co.-.........--- Solvayies scenes sees Building stone.| 5,000 cu, yds. 3 20,000 
Wins Maylie:n 2 6. sa-seessetee Marcellus jens. seria Building stone. 200 cords 2 800 
SO ny QT ne meob os nopoeEeneS Marcellus sess. a-.1- == Building stone. 50 cords 1 | 200 
Miamtin: Hogantn.s. 2 o6-)----- Mareellus’ . 22... 22-2 Building stone. 50 cords 1 206 
Witetl a Wialiconeems ste cee elec ce Marcellus Falls. .....| Cement......-. 4,000 bu. | 3 400 
PaO ei COMMGan eet ane see ens sees Skaneateles Falls..-.}/ Cement.....---. 20,000 bu. 5 2,000 
Jueld pet Chuunin: 22. tee one seers Skaneateles Falls. ...| Building stone. 100 cu. yds. 1 | 500 
Oe \iALNT Gh ga cs ae eiseussee sods (CONGO Rin Hea erseereee Building stone. 50 cv. yds. 1 | 200 
CAMO TIC Hyasem ace ese) aesia see Lysander.----.....--.- Building stone. 50 cu. yds. 1 | 200 
dp (Chiat dios dodkeapoospooosence LUO ete aecoen BESe Building stone. 50 cu. yds. 1 | 200 
IN US UALO seiccec iste < <0) Gece Salt Spr. reservation. Salt, 1894... ... 3,227, 25422 bu. 258,180.37 
Onondaga Brick Co....-...----- Syracuse & Van Buren! Bricks.--...-.-- 10,000,000 40 60,000 
Onondaga Brick Co..-..-...---. Syracuse & Van Buren] Drain tile, ete..| .........---. | ---- 5,000 
Central City Brick Co......-.-.- Syracuse & Kirkville! Pressed brick-. 1,500,000 25 15,000 
John Brophy. Se ee Salimanetcessenece se Brick Soe anes 1,500,000 18 | 8,250 
Peli wkKennedyesensc eee. s--cece Salinanssce ms oesecce cae Brickseessseoss 1,000,000 | 10 | 5,500 
N. Y. Brick & Paving Co-...--- Syracuse&Newbridge| Paving bricks. . 8,000,000 40 90,000 
N. Y. Brick & Paving Co..-.-.--- Syracuse& Newbridge; Building bricks 2,000,000 | ..-. 10,500 
GoW. Packedéo Sone ws. 254s: Salim aswel s.2 access Building bricks 1,500,000 | 15 | 9,000 
Preston Brossecceeen eet oes Galina stasis Building bricks 2.000.000} 18 11,000 
Syracuse Pressed Brick Co... .-.- SYtaCusOc--s-4- 22 6ee5 Building bricks 4,000,000 | 50 | 30,000 
Cre yMerrick ns. .teeasee oe: Salinas nee e eee sacs Building bricks; 3,000,000 25 18,000 
C.-L Merrick =.c= se neeeeee Walliiais: wceee somone Pressed beers | 500,000:| =... 6,000 
Edward Heignhoe.............- Orda ass: 52s cece Drain: tilés22. 1s ae es Mew 5 3 | 2,000 
Frank Patterson’. jo-- -siceeei= == Brighton) sa — sce neees Sandand gravel) 8,000 cu. yds. Hoe 7,200 
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Table showing the Economic Products of the Rocks, and of the Sand, Clay 


and Marl Beds of Onondaga County.—Concluded. 


| ‘No. 


NAME OF PRODUCER. LocatiTy. PRODUCT. Amount. | OF | VALUE. 

| MEN. | 

l | 
Geos Kicinhemz 2054 22- eebes- Brighton ‘.220-4.2:-- Sand <-2- ees: 3,000 cu. yds. | .2.. $2,500 
BY Glatk. 2s. . -222= 5s eee | Onondaga valley Sand’ i2...=G Fee ‘1,000 cu. yds, | --- 800 
1i.C., Dorwitt-2.-.5-4 2 ee eeee ee Dorwin’s springs | andes Sosseeee 25,000 cu. yds. | -.- 20,000 
RK: Crandoniz.2--- s4-esene eee | Brightonses--e~ =--- Sand = 32 2-4ss22 | 400 cu. yds. | -.---| 320 
Tucian Cross: ose eee oes = | Brighton-ss2ee= =. - Sand 22-=-.--5-)) 400lonmvds.)|--- == 320 
Samuel Ivvin ge see eee ane | Brighton eee. === Sand). 22.2222 200 cu. yds. | --- 160 
Geo, Moore 2226 oe eee on | Brighton case s2--- Sanger 800 cu. yds. | --- 640 
Hugh Scott secee seeces eee aee | Brighton ese eeeee= = Sandj-7- asec ee- 600 cu. yds.} ---- | 480 
American Portland Cement Co. =| Jordanws- Vee Portl’nd éoment| 30,000 bbls. 15 75,000 
Empire Portland Cement Co..-..| Warner’s .---...-.- | Portl’nd cement 117,000 bbls. 110 300,000 
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Summary Statement of the Economic Products of the Geologic Formations 
in Onondaga County. 


PRropecr. 


VALUE. 


Champlain | Rerodeesr-----. -- 
Chemung Period ....... caeee 


HManmtton Period 2222 5.5. 2... 2% 


Upper Helderberg Period. ---. 


Oriskany, Period = 22: =222452=- 


Lower Helderberg Period. -.-.. 


Onondaga Period..-..-...---- 


EN Ogun be ONL OW cert tan a eee lelas 


( Marl beds. 

} Clay beds. 
‘Sand beds. 

| Portage Group. 
| Genesee Shale. 
Tally Limestone. 


) Hamilton Sandstones. 


Marcellus Shale. 


Corniferous Limestone. 


Oriskany Sandstone. 
Water-lime Group. 


eek beds. 
{ Salt beds. 


| 
Salina Red Shales. 


Niagara Limestone. 


} Clinton Shales. 
lL 


| Portland cement. 
Brick and tile. 


Sand. 


Building stone and flagging. 


Building stone. 


Building stone. 


Building stone. 

Building stone. 
Quicklime. 

| Cement. 
Building stone. 
Crushed stone. 

Gypsum. 

Salt. 


Brick and tile. 


| Building stone. 


$375,000 
206,000 
33,745 


90,000 


936,000 
77,900 
42,400 
36,750 
50,000 

1,378, 180 
87,000 

400 


$3,353,950 
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Table of Elevations. 


Lor | 
Locauiry. Town. A. T. AUTHORITY, 

| No. 
Southyh i sts Sera ee ee eee eee ba bias sac.s teed 3 2,020 Gardiner’s survey. 
Apulia RR. stations... ssseese aero ae PabiuSiee et is = sae 21 1,227 Gannett. 
Well, (Group: Recreenecseecie tenes Seca Voll ye eee es icin ee es 18 721 Trump. 
Well\l, ‘Group \Assecap hase eeeraeeecne ese Talliys tees stesese 28 901 | Trump. 
Ripley Hil 52a. oie eee erent taeee Spattordisssa- se 32 1,968 Gardiner. 
Iuimestone, led ges esse cetese ete = ol ae Spadiordeaeseeee- ss 12 1,565 E. B. Knapp. 
Kingsley s...pccsecss ances c.ei-iso aloe te QOtisco oe eeeeeaats 95 1,500 E. B. Knapp. 
Pompey billets cee cae noel arse POMP CY cals e xteetete ale 65 1,742 Geddes. 
HO. Glapp sptarniies oat = oast- te ee POMPSYi ee ncemaetee 5 128 Gardiner, 
Cardiftsaltawell jenna cease =, see eee La Fayette .......-.. 57 601 Trump. 
Chas...Carpenters farmer). - seme eee Onondaga ..--..-.-.. 96 1,105 | Gardiner. 
D:iCossittsfannicses. 25. career eee Onondaga...--.-.--.- 118 1,020 Gardiner, 
Split:rock sao ses aoc acie oe anclestemeneeeeer Onondaga .---- Seis ASS 849 Geddes, 
Howlett Wills cass suas an ccc see ee Mancellus 2222 eee == 17 1,136 Gardiner, 
MSeeley’sdarmsvo~2 oo se7 cee eee | Skaneateles. ---.-.---} 22 1,109 Gardiner. 
W.., PGiles’starm a os5 22ers. eee / Skaneateles. .....--- 4} 66 1,265 Gardiner, 
R. Re Hoxtels farm ce acc -e oa s eee eeneeel Skaneateles. .....---. 45 1,198 Gardiner, 
Jordan Oana: 2s chee sake oe oeeeeeees WE ADTId cOssqsee4 se ele- eae 409 Gannett. 
JOLGaAN VV ESE. SHOE Whine: eee see jeblibri dl eee = sees eee eiers | ae 396 Gannett. 
Jordan win Cock scents ce eee past bridiene oe 1... bes cer | Leo 401 Gannett. 
Hairmount/ see ers eee eas os eee sere Camiullus=22 jeseseee 36 736 Gardiner, 
MM. \Sherywood's fanmsj.6 eo soele aie ees | Camillus............. 48 799 Gardiner. 
Dr: Draperemannay yoo ses cece ees eae | @eddesn cco e aaseentcs 1 150 653 Gardiner. 
N.Y SCAR Ri Stagione ss. -,s nee tote tae | Syracuse....--.------ | sete 403 Gannett, 
West Shore R.R. station........--...---- | SyT@tlseeeree-1- se =- | aoe 400 | Gannett. 
DUS atte SURULON celsetectete ee ee eee Syracuse. 2-2... 5 =-- Pe eas 399 | Gannett. 
Brie! Canal ease areas cele eee eee Syracuse: cee. sa. o7-- Sean 401 | Gannett. 
Mt Oly MP OS som claceetes eee eae eee I SYRACUSC seen ae 187 681 | Gardiner, 
Chestnutridge <-.-taceese ean on cee Salina...--. eens tie 110 498 | Gardiner, | 
Collamore s5.2 2a ote oe nee | Dewihttiess2 3. aes ans 12 485 Gardiner, | 
Iva, Green's: farm <2. -2 en cee oes eens | Dewitt --.-...----... 95 974 | Gardiner, 
Jamesyille RB. stations easeeeee names Dewittiess...a2<-snj eee 591 | Gannett. 
Dewitt conterssste- src soem ceeeee aeeee |( Pew titi seeker sere salar 410 Gannett. 
Raple hills satcce ees eter eee | Mamita cot sae 79 | 1,253 | Gardiner. 
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Table of Elevations.—Continued. 
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Locatiry. Town. AST. AUTHORITY. 
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. Kirkville, West Shore R.R. station....--- Mamilos eee -emee ss 2 422 | Gannett. 

Fayetteville R.R. station .-..-....-..---- Manlius sjeeecas ee me== 538 | Gannett. 
BD avinOMSHAtMeeea tens ae. ae eos es WVittre Buren seue ees 42 631 Gannett. 
(Creep CSle yes hays secs em len sae nViani Buren ssss.o5-/ 22 537 ~—| Gannett. 
TEMPS mea yet Ak is lose ace eee wsigwies V am Bureni = m.- ates) = 410 | Gannett. 
OPPO Edler eee on bene ee holaes Vat Bureneccaseeee- 20 641 Gannett. 
Warner's .. ._. Be ROS Sa Oa A Wan Burenses ese oe 427 Gannett. 
Mes Danmisabarine. iene okis Sei a )ole a3 cio/vererel Ibysandenieesaem sae. 81 535 Gannett. 
Baldwinsville R.R. station....-..---.---- Wysandere ccs seas= SRE 391 Gannett. 
Onerdanl alkenes eae ete ieeleme ie ae e ice ao Py iac deme ice cies Gleteh tly nee oa cee 
DS KEUNOSIGOLOS chix © peeestaerete ae ays Creer oink Sn Se et ee ole 8604 Neen Rhee J 
Otiscovlale mameemenneer ees ene ks fy te Aor ieee Rata ete et ote aa ic's 
Onondaga lake st 5 2- a--meeeto. - eas Soe Odea er IE eee ROE ae BOIL, Wccmkcboadsue Heeee ee 
ally lakes sos see e~aweeeos se ceeicee ae = ae | RBCS CoE e eee eee 1,190 Trump. 
Crookedilakenstcutee uae cee ee os Wem ek Nah Se Ea ese 1,193 Trump. 
erally (EDN TEN CS) See aves ao See Sb ORS E | See eee eee 1,191.5 | Trump. 
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James Har, State Geologist, 

Sim :—In this report are included the results of geologic studies in Erie 
county, N. Y., begun during the summer of 1895 and continued to the close 
of that year. The purpose of the investigation was to ascertain the bound- 
aries of the formations for the geologic map of the state, and to collect data 


regarding economic products derived from rocks found within the county. 


Respectfully yours, 
IRVING; Bo BISHOP. 


Burrato, N. Y., January 1, 1896. 
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The Structural and Economic Geology of Erie County. 


_By Irvine P. Brsuop. 


PrystloGRAPHy. 


Erie county, in central-western New York, is bounded on the north by 
Niagara county, on the east by Genesee and Wyoming counties, and on the 
south by Cattaraugus and Chautauqua counties. The western limit is the 
international boundary from the lower end of Grand Island, to a point where 
the boundary line makes a right angle with a lime drawn to the mouth of 
Cattaraugus creek. It is separated from Niagara county by Tonawanda 
creek and the west branch of Niagara river; and from Cattaraugus and 
Chautauqua counties by Cattaraugus creek. 

The extreme length of the county, north and south, is forty-three and 
one-half miles, and its greatest width is about thirty-nine miles, The land 
surface contains 1,071, and the lake portion about 160 square miles, giving 
it a total area of about 1,230 square miles. 

Topographically, the county comprises three provinces. They are—jir'st, 
a low and nearly level plain on the north, extending from the Niagara river 
and Tonawanda creek to the limestone terrace ; second, a slightly higher plain 
having the limestone escarpment for its northern boundary and extending 
southward to a line drawn through Bay View, Spring Brook and Marilla; and 
third, a region of rolling hills rising gradually to the height of 1,500 feet or 
more above tide, and occupying almost all of the southern half of the county. 

The Northern Plain. This plain includes nearly the whole of the town- 
ships of Grand Island, Tonawanda, Amherst and Clarence and the northern 
half of Newstead. Along the Niagara river the banks form clay escarpments 
averaging about twenty feet in height and dropping ‘abruptly to the edge of 
the water. From the top of the bank the county extends southward in an 
almost level plain, unbroken by hills or ridges, to the foot of the limestone 
escarpment. 

The Middle Plain. The middle plain rises abruptly from the northern 
plain, presenting throughout the greater part of the northern boundary an 
escarpment of limestone varying from twenty to one hundred feet in height. 
South of this, the surface is gently undulating with:a few lower hills, gener: 


ally presenting smooth surfaces. On this plain, Murder creek, Ransom creek 
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and Ellicott creek take their rise and flow northward across the lower plain to 
Tonawanda creek, The other streams which traverse the middle plain are 
Cayuga creek and its branches, Buffalo creek, Cazenovia creek and Smoke 
creek, the last three of which have their sources in the hill region to the south. 

The Hill Region. The elevated region comprising the remainder of the 
county consists essentially of a high plateau gashed by streams which have 
eroded much of the original surface and left it a succession of valleys and 
ridges. 

In the vicinity of Chaffee, East Concord and westward, this tableland has 
attained the height of nearly 1,500 feet A. T. From this there is an abrupt 
slope into the valley of the Cattaraugus creek, with a more gradual descent 
toward the north and west. From the Buffalo and Southwestern railway 
toward the lake, the descent is very gradual and the surface smooth or gently 
undulating, terminating at the lake shore in abrupt bluffs. Along the southern 
crest of the plateau and extending into the Cattaraugus valley are immense 
piles of glacial debris, giving rise to a peculiarly knolly topography. The 
principal streams flowing westward from this region are the Big Sisters creek 
and the two branches of Eighteen-Mile creek. In their upper courses these 
have steep-sided valleys, and in the lower courses deep gorges with precipitous 
walls of rock. The ridges between the streams have smooth tops on approxi- 


mately the same level. 


Srr ATIGRAPHY, 


The rocks exposed in Erie county range from near the bottom of the 
Salina shales to near the top of the Portage group. The members in their 
order are shown in the following table: 

Upper. 
Portage roupie . 2h a. 9). 
Lower. 
( Genesee slates. 
Hamilton group........... « Hamilton shales. 
~ Marcellus shales. 
( Corniferous limestone. 
Upper Helderberg group... - . 
| Onondaga limestone. 
Water-lime group. 
Salina group. 
The thickness of the above rocks as ascertained by deep borings and 


measurements will be given at the close of the chapter on natural gas. 
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The Salina Group. 

The rocks of this group are not well exposed in Erie county, the best 
section being found in Genesee county, east of Erie county, where the 
Tonawanda creek crosses the outcrop of Corniferous and upper Salina beds. 
The creek here breaks over the edge of the Corniferous limestone and. 
hydraulic limestone, forming the Indian falls. Just below the fall, the rock is 
a thick-bedded limestone containing nodules of gypsum and weathering with 
a cavernous, irregular surface. Below that, the rock is shale, mostly gypseous 
in character, sometimes reddish, but more often grey or bluish. On _ the 
Indian reservation, near the mouth of the ravine, a limited amount of gypsum 
is quarried, blue-grey or mottled in color and of fair quality. About half a 
mile above the West Shore railroad bridge is an outcrop of red and grey 
gypseous shales which continue through the reservation to the iron bridge 
near the Indian church. Below this is a stratum composed of hard, thin- 
bedded calcareous rock, containing minute lenticular cavities and casts of 
crystals. The rock exposure extends about 200 yards below the bridge. 

Within the limits of Erie, county, the Salina rocks are mostly covered 
with drift. The most complete section is found in the bed of Murder creek 
at Akron. From Falkirk down to Main street are the water-lime rocks. 
Below the railroad bridge, shales crop out in the bed of the creek for two 
miles or more. The thickest exposure of these showed three feet of light- 
colored calcareous shale, weathering to light pink, beneath which were four to 
six feet of harder, greenish shale. A small exposure of shale is reported in 
the same creek opposite the end of the road leading east to the Indian reser- 
vation, but I was unable to visit it. 

An outcrop of thin-bedded hydraulic limestone occurs on the farm of 
Martin Racquet, about one-half mile south of East Amherst near the Transit 
road, where it is used for macadam. 

On Grand Island there are two outcrops. The more northerly is at 
Edgewater, about 200 yards below the boat-landing. The rock here is: 

(1) Black shale in the river-bed. 

(2) Greenish shales containing nodules of gypsum, one and one-half feet. 

(3) Light-colored, soft, friable gypseous shales, five feet. 

The exposure extends 300 yards down the river-bank. 

The other outcrop is at the extreme southern end of the island, where 
the river separates into two channels, The rock is a thin-bedded, impure 
limestone, weathering like the water-lime, and containing minute lenticular 
cavities. Fragments of such rock are plentiful in the drift about Buffalo, 


o 
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and it is probable that this stratum is the source from which these fragments 
were derived. 

On the Canadian side of the Niagara river, from a point about opposite 
Strawberry island to the International bridge, there is an almost continuous 
exposure of shales, nearly all of which are more or less gypseous and often 
spongy, as if mineral matter had been removed by solution. A short distance 
above the bridge, water-lime appears in the river-bed and can be traced to a 
point opposite to, or a little above, the stone church. 


The Hydraulic Limestones. 


The northern edge of the Corniferous limestone, together with the Onon- 
daga limestone and the upper part of the hydraulic limestones, form a well- 
defined escarpment running in a general southwesterly direction from the 
Genesee county line to the city of Buffalo. For the greater part of that dis- 
tance this escarpment is approximately parallel to the Bloomingdale and 
Williamsville roads, as is seen by the accompanying map. Within the 
city it follows the general direction of Main street from the almshouse to near 
the New York Central railroad belt line at Rodney and Fillmore avenues. 
After crossing Main street, it passes near the corner of Oakwood and Wood. 
ward to Oakwood and Parkside and enters the park at the stone quarry, 
crossing from there into the cemetery at the corner of the iron fence near 
Agassiz place. From here it sweeps around in a curve to Scajaquada creek 
at Main street bridge, and passes out of sight beneath the drift on the left 
bank, about 300 feet below the bridge. By examining sewer cuttings, holes 
for telegraph poles and other excavattons, the edge of the Corniferous lime- 
stone is found to he between Potomac and Bird avenues on Norwood avenue, 
and appears near the Niagara river at the corner of Auburn and Niagara 
streets, where there is a good outcrop. On the Canadian side of the river, the 
edge of this limestone should be near the ferry landing. ‘The rock is well 
exposed a short distance above. 

The hydraulic limestone is usually visible at the base, or north side, of 
this escarpment as a stratum of variable thickness in the face of the cliff, but 
occasionally forms a terrace ranging from a few feet to 200 yards in width, 
and approximately parallel to the escarpment. This terrace is most conspic- 
uous between Williamsville and the Buffalo city line. in the Bennett-Pierce 
tract. the hydraulic limestone is found near the surface as far north as the 
swamp, and I am informed by Mr. David F. Day, that it oceurs near the sur- 
face at the deer paddock in the park. Sewer and other excavations have 
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thrown up this rock along Bird avenue, near Elmwood, and in several places 
near the Niagara river in the vicinity of Auburn and Bouck avenues. The 
rock is not eroded to its base so that a complete section is nowhere visible. 
The thickness has been ascertained from well sections given elsewhere im 
this report. 


UPPER HELDERBERG GROUP. 
Onondaga Limestone. 


In Erie county, this formation appears as a thin band lying between the 
hydraulic limestones and the overlying Corniferous limestone. In color it 
ranges from blue-grey to a very light grey. It varies greatly in thickness, 
being from three to five inches at the Main street bridge over Scajaquada 
creek, Buffalo; seven feet in Forest lawn cemetery; five and one-half feet in 
the park quarry, and thirty-five feet in Fogelsonger’s quarry at Williamsville. 
At Young’s quarry, two miles further east, it is thirty to thirty-five feet 
thick, but thins out rapidly beyond to a thickness of three to five feet. 
Speaking broadly, we may say that the formation is concretionary in character, 
the deposits at Fogelsonger’s and Young’s being merely lenticular masses of 
unusual size. Small lenses a few feet in diameter are frequent and usually 
extend downward into the hydraulic limestone without any corresponding 
depression above, showing that they had their origin while the latter was 
yet in process of deposition. The larger nodules are remarkably rich in 
organic remains. At Fogelsonger’s quarry the rock in many places is a solid 
mass of cyathophylloid and favositic corals, the latter frequently having their 
cavities filled with petroleum and bitumen. Single specimens were noticed 
four feet in diameter, and large areas of the quarry bottom showed little else 
than these fossils. 


The Corniferous Limestone. 


The northern edge of the outcrop of this formation is marked by the 
escarpment already described. A deposit of drift from ten to fifty feet thick 
covers the southern edge, so that actual contact with the Marcellus shales 
above is not found within the county. At Corfu, three miles east of the 
county line, the borings for gas passed through thirty feet of Marcellus shales. 
According to this, the Corniferous limestone should be found about a mile 
north of that village. The most southerly outcrop of this limestone near the 
county line is near an abandoned railroad track two miles northeast of 


Crittenden. A small exposure occurs on the edge of a marsh just northwest 
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of South Newstead. Halfa mile below Mill Grove, near a dam across Ellicott 
creek, is a good exposure of the same rock, and other outcrops occur in the 
bed of the same stream for three miles below and, again, near Wilhelm. The 
limestone is found in Cayuga creek at Kieffer’s quarry near the Transit road, 
about a mile west of Lancaster, and in numerous places below, the last 
exposure being at the end of Clinton street, where the creek unites with 
Buffalo creek. The deep wells at the Snow Steam Pump Works near Bailey 
avenue and Seneca street, at the Atlas Oil Refinery, and at the Buffalo Chemical 
Works on Buffalo creek and Abbott road, all started on the Corniferous 
limestone as bed-rock. It is found in the Ohio basin, near the lake, and was 
found by the engineers when sinking piles for the Lehigh docks and trestles 
near Lake Erie. f 

The Stafford limestone of the Marcellus formation, is exposed at Wende 
station on the Lehigh railroad, one and one-half miles south of Mill Grove. 
As this stratum les about twenty feet above the top of the Corniferous 
limestone, the boundary between the latter and the Marcellus shales must be 
at about half-way between Mill Grove and Wende. An outcrop supposed to 
be of this Stafford limestone occurs on the farm of Martin Martin, one-half 
mile east of Alden Center, and the drift in the bed of the most northerly 
branch of Ellicott creek, near Alden, contains abundant fragments of black 
shale as far east as the county line. 

At Lancaster, the contact lies between the lower bridge and Kieffer’s 
quarry. The Stafford limestone crops out in the bed of Buffalo creek, 
opposite the end of the Winchester road, and the Corniferous appears at the 
junction of the same stream with Cayuga creek, less than two miles away. 
Dr. H. U. Williams informs me that a limestone scored with glacial scratches 
was uncovered while grading the road-bed for the Buffalo, Rochester and 
Pittsburg railroad, some years ago, at the point where it diverges from the 
Western New York and Pennsylvania, and the Lake Shore railroads. 
Although I did not find the exposure during either of two visits made for 
the purpose, the excavations being filled with water, I have no doubt that the 
rock in question was the Stafford limestone. When the gas-well was sunk in 
South park, less than a mile and one-half southeast, the drill passed through 
“about thirty feet of shale below the drift, and then several feet of limestone 
and shale mixed ;” conditions which confirm the view expressed. 

At Stony point, on Lake Erie, fragments of the jet black shale of the 
lower beds of the Marcellus are numerous among the boulders which cover 


the beach, showing that they were derived from rocks farther north. The 
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boundary between the two formations must therefore lie between here and the 
Lehigh docks, and it is very probable that Stony Point itself marks the 
extension of the Stafford limestone into the lake. It may be assumed, 
therefore, that the boundary between the Corniferous limestone and 
Marcellus shales, as laid down on the accompanying map, is a very close 
approximation to the actual one. 


HAMILTON GROUP. 


Marcellus Shales and Limestone. 


The best section within the county of the lower Marcellus beds occurs 
in the vicinity of Lancaster. In Cayuga creek, just above the lower bridge, 
is a layer about two feet thick, of a firm, jet black shale containing some iron 
pyrites in crystals and concretions. This is overlaid by a foot or more of 
grey limestone which had been mostly quarried out and could not be 
accurately measured. From the bridge up to near the Lake Como dam, the 
rock does not show. Just below the dam, the black shale crops out, 
capped by the Stafford limestone, which was at one time quarried here. A 
careful estimate, based upon the thickness of the rock in sight, the fall of the 
stream, and the measured height of a dam in the village, shows that the rock 
from the lowest visible stratum is from fifteen to twenty feet below the 
Stafford limestone. On a little brook running through the centre of the 
village, there is a fine exposure of the Stafford limestone. In sight, at the 
base of this, is a two-foot layer of jet black bituminous shale, smelling 
strongly of petroleum and containing pyritous concretions. Above this are 
the limestones in layers of the following thickness : 


Lowrst— 12 inches, containing Orthocerus. 
6 (74 oc : 79 
14 « 
Liens 
Lge 
14 “« with a little flint at the top. 
14 66 
1 9 “ 


Total, 9 ft. 4 in. 


Above Lancaster, the shales are black, thin-bedded, friable and show 
very regular jointing. Farther up, the layers become more calcareous, 
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forming, at the mouth of Little Buffalo creek, a stratum of impure limestone. 
Shales of blue-grey color occupy the bed of the creek at intervals for three 
or four miles to the eastward. 

Besides the outcrops of Stafford limestone already mentioned, there is a 
disused quarry of that stone in the field northeast of South Buffalo station on 
the Western New York and Pennsylvania railroad, and fragments of it were 
thrown up in digging the sewer and water trenches on the Indian church 
road, near Seneca street. The only places where the orthoceratite layers were 
noticed are at Lancaster and Wende. Other exposures of Marcellus rocks in 
the county are in the bed of Ellicott creek between Wende and Alden Center 
and above Alden Center near the Erie gravel pit; also in the southern branch 
of the same creek north of Alden village. In Buffalo creek it is in sight at 
intervals from the end of the Winchester road to within a mile of Blossom. 
It occurs on Cazenovia creek, at the Park just above the Cazenovia street 
bridge, and for some distance above the covered bridge two miles farther up 
the creek. It was also found in laying the water pipes for South Park, 700 
feet east of South Park avenue, at the city line, within two feet of the surface, 
and in the bed of a small brook near by. At West Seneca, outcrops occur in 
the bed of Smoke creek, between the White’s Corners road and the Western 
New York and Pennsylvania railroad, and again on the lake shore at Bay 
View. From here it forms the lake bottom near the shore for several miles 
up the lake. 

Hamilton and Genesee Shales. 

The transition from the Marcellus to the Hamilton shales is very 
gradual, the shale changing from black to blue-grey through almost imper- 
ceptible gradations. There is, however, in several places within the county, a 
stratum always calcareous and usually much harder than the rocks below, 
which seems to furnish a boundary between the formations. 

A mile east of Alden, in the bed of the creek above the culvert is a layer 
of impure limestone three and one-half inches thick. Below this, the rock is 
asoft shale, having Styliola fissurella as its most conspicuous fossil, with an 
occasional cephalopod. The layer of limestone is not very fossiliferous, and 
has the appearance of some of the Marcellus rock. Less than six feet above 
is a shale containing excellent specimens of Spirifer mucronatus and Athyris 
spiriferoides. Just above this is a concretionary layer, less than a foot thick, 
containing characteristic Hamilton fossils, and immediately over the last a third 
calcareous layer, containing the usual Hamilton trilobites, orthoceratites and 


brachiopods. 
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A large fragment of limestone of several tons weight and containing 
numerous Hamilton fossils was noticed in Cayuga creek near Town Line. It 
evidently had its origin in that vicinity, although the parent rock was not 
found. 

At Blossom is a four-foot layer of a limestone sufticiently durable for 
bridge work. It contains the fossils common to the horizon of the Encrinal 
limestone and Moscow shales, including an abundance of cyathophylloid corals. 
Examination proved that it lies just above a well-marked Marcellus outcrop. 
On the west branch of Smoke creek, a mile below Windom, a hard caleca- 
reous shale, eighteen inches thick, occurs in the same relative position as the 
preceding limestone. Another outcrop is seen where a little brook crosses the 
Mile Strip road about 200 yards east of the Hamburg turnpike. The rock 
here is a fairly good limestone. At Bay View the corresponding horizon is 
represented by a soft calcareous shale about two feet thick, capping the cliff 
a short distance south of the hotel. 

While by no means certain of the continuity of this calcareous stratum 
throughout the county, in the absence of evidence to the contrary I have 
provisionally assigned it to the horizon of the beds termed the “ Basal lime- 
stones” by Professor J. M. Clarke, and have used it as a basis of measurement 
in determining the thickness of the Hamilton and Marcellus rocks. 

At Eighteen Mile creek, near Lake Erie, the Moscow and Genesee shales 
have thinned out, leaving the Encrinal limestone near the top of the series. 

The rocks here above the Encrinal limestone are: 


Blue Moscow shale, resting on the Encrinal, . . 15 ft.4in. ) 2 
A layer of iron pyrites } to } inch thick, = 
sometimes merely a stain of rust, believed to | & 
: = 
represent the Tully limestone. am 
ior ue mee aoe | rt ig ty th an, 
The “Styliola band,” consisting here of 
(@)= ard Caleareous'shale, . : ,./.. . 8 im, 
(mmotonale sw op. cce. ep ee ¢ 
(c). Iron grey limestone, containing fish- ~ ov 
plates and crinoid stems, . . . . 4in. & 


(7). Firm iron grey limestone, composed 
largely of Styliola fissurella, . 8to12im. 1 ft. 9 in. 
Blackwohalewaitourie yn. ta ae he A St. O ams | 
Then follow twenty feet or more of olive-green shales with numerous 


ee 


concretions, capped by black shale extending to the top of the gorge. 
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The thin layer beneath the “Styliola band” is blue and contains Hamil- 
ton fossils, but is more fissile than the shale below, which contain trilobites. 
Mr. A. W. Grabau, who has made a very careful study of this layer, says, it 
appears to have the fauna of both the Moscow and Genesee beds, and may be 
regarded as a passage formation from one to the other, 

The relation of the Encrinal limestone to the Styliola band and 
associated rocks at Eighteen Mile creek is well shown in accompanying 
photograph. 

Owing to its position near the upper part of the group and the ease with 
which it can be traced, I have selected the Encrinal limestone as the horizon 
of reference from which the top of the Hamilton and Genesee may readily be 
found. It is easily recognized as a hard limestone, two feet or more thick, 
usually stained on the under surface with iron rust from the decomposition of 
pyrites, and containing large crinoid stems, some of which are nearly an inch 
in diameter. Excepting a few outcrops of the “Basal limestone,” there is no 
other rock in Erie county from the Stafford limestone up to the Portage sand- 
stones sufficiently durable for bridge or building purposes. The shales 
iminediately above and for several feet below are always rich in fossils, among 
which cyathophylloid corals and brachiopods, Atrypa reticularis, A. aspera, 
Athyris spiriferoides, Spirifer medialis and S. mucronatus, are particularly 
abundant. Since it resists the action of water and other erosive influences 
better than shales, it is found in almost every gully and ravine which cross 
the outcrop. Along the lake shore westward from Eighteen Mile creek, it 
forms a conspicuous band in the face of the cliff, dipping beneath the surface 
of the water near Pike creek. The Styliola band may be seen above it, the 
two limestones approaching each other slightly near the western limit. East 
of Eighteen Mile creek, the Encrinal limestone caps the bluff for a short dis- 
tance, and is next seen by the road near the house of Mr. Crocker, about two 
miles further on, reappearing again in the face of the bluff beyond. From 
here it can be easily traced to Wanakah, crossing the creek near the station 
just below the railroad bridge. At Hamburg-on-the-lake it is a half-mile, and 
at Athol springs about 200 yards east of the railroad. At Big Tree, it is 
exposed in the railroad cutting near Rush creek, and on the banks of the 
stream by the farmhouse above. At Windom, it is found for some distance 
along the sides of the ravine, being well exposed just above the bridge near 
the station and crossing the bed of the brook a quarter of a mile further up. 
It is here about thirty inches thick, in two layers, the lower of which is the 
thicker, and has three or four inches of pyrites at the bottom. The Styliola 
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band crops out near the road to Duel’s Corners, crossing the bed of a brook 
200 yards above the bridge, about half a mile east of Hamburg station. It is 
here twelve to eighteen inches thick and lies six feet above the layer of 
pyrites representing the top of the Hamilton shales. The pyrites at this 
point and at other places eastward, is from two to four inches thick. I was 
unable to estimate the thickness of the Genesee, as it was partly hidden by 
drift. 

The Enerinal limestone crops out in Smoke creek near the plank road, a 
mile north of Webster’s Corners, at the top of a fall some thirty feet high. 
At Spring Brook it crosses Cazenovia creek just below the dam, appearing on 
both sides of the gorge for a mile below. The thickest portion measured 
was four feet from top to bottom, with one layer of eighteen to twenty 
inches. 

The favosite corals here had their cells filled with crude petroleum and . 
other bitumens so that a tablespoonful could be scraped with a knife from the 
surface of a single specimen. 

The Styliola band is well shown for a mile above the dam, having about 
the same thickness as at Windom. It is here from four to six feet higher 
than the top of the Hamilton. 

A small exposure of the Encrinal limestone is seen three-fourths of a 
mile east of Spring Brook station, where a small brook flows under the track 
of the Western New York and Pennsylvania railroad. It is next found 
where the covered bridge crosses Buffalo creek, two miles east of Elma. 

The limestone crosses the creek just below the bridge, and is quarried 
along the bank and on top of the bluff farther down the creek. 

The top of the Hamilton shales dips to the level of the creek, one-third 
of a mile above the bridge. , The pyrites layer varies from one to four inches 
thick, and lies five feet below the Styliola band. The latter is six inches 
thick, representing only the upper part. When the concretionary lower layer 
appears, as it occasionally does, along the bank, the whole thickness is 
increased to a foot and the upper part also becomes concretionary. 

The bed of Little Buffalo creek, below Marilla, is filled with drift so that 
no bed-rock appears. The Encrinal limestone crops out in the bed of a small 
brook emptying into Cayuga creek on the north side near the town line 
between Alden and Marilla, It again appears about a mile from Alden 
village, south from the station, where the road passes a wood-lot. The rock 
has been quarried in a small way near the top of the hill, and an excellent 
spring issues from beneath an outcrop in the woods on the other side, a few 
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rods from the road. Between here and the county line, I was unable to 
find any further exposure of this limestone. 

Just south of the Erie railroad tracks, a mile east of Alden, is a good 
exposure of the Moscow shale with a fauna like that found near the Encrinal 
limestone at all points west; and in the absence of evidence to the contrary it 
“is assumed that this limestone crosses the county line near the New York, 
Lake Erie and Western railroad. If so, the Hamilton must be thinner here 
than it is east or west of Alden. The Genesee slates in Erie county belong 
mainly to the part lying above the Styliola band, as already shown. 


The Portage Group. 


_ The Portage rocks crop out south of the foregoing, to the county line, no 
area of distinctly characterized Chemung strata having been observed by me 
within the county. The lower part consists of alternations of olive-green 
with bituminous black shales, including, rarely, a thin layer of argillaceous 
sandstone. Above these, the rocks become more arenaceous, passing somewhat 
abruptly into a series of shales alternating with argillaceous sandstones of 
varying thickness which furnish stone of considerable economic importance. 
The boundary between the upper and lower beds is therefore indistinct. North 
of a line connecting Wales Centre, East Aurora, North Boston and North 
Collins, no sandstone of consequence has been noticed, and none has been 
seen west of the Buffalo and Southwestern railroad, between the latter place 
and Gowanda. The streams flowing across the lower Portage outcrop have 
cut deep gorges with precipitous sides, but are almost destitute of waterfalls. 
The black shales contain many calcareous septaria, usually lenticular and of 
enormous size. Specimens six feet in diameter are comparatively common, 
and one measured nine feet in diameter by five feet in thickness. 

The gorge of Eighteen Mile creek above North Evans, and of Cazenovia 
creek below East Aurora, show good lower Portage sections and furnish 
excellent specimens of septaria. The southern part of the county is covered 
with drift, which in some places is 500 feet or more in thickness. This has 
hidden the rock and broken the contiuuity of observations, so that complete 
sections of the Portage rocks like those made in Livingston and Wyoming 
counties have not been achieved. The valley of Buffalo creek, above Wales 
Centre, shows heavy sandstones and flags as far south as the town line between 
Wales and Holland. 

Stone is quarried on the Joseph Myers farm, two miles east of Wales 
Centre, and also on the Ulrich farm on the Centre Line road, about one and 
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one-half miles southwest of Wales. The two branches of Cazenovia creek 
afford the best sections of the upper part of the Portage. 

The argillaceous sandstone crops out along the road from Wales Centre 
to East Aurora, being quarried a mile east of the latter place on the farm of 
W. C. Cook. The layers are from eight to twelve inches thick with the 
characteristic surface markings. From East Aurora south, the heavy 
sandstones are found at intervals all the way to within a short distance of 
Holland. Two and one-half miles southeast of East Aurora, on the farm of 
Delavan Caulkins, a quarry is worked by Mr. Henry Strong. The rock here 
resembles the Warsaw bluestone and contains the vertical fucoids which are 
common in Portage strata. The principal layer is three feet, six inches thick. 
Mr. Strong also works another quarry on the north side of the valley, the 
stratum apparently corresponding to that in the Caulkins quarry. At South 
Wales is the best exposure of sandstone seen. It is located on the farm of 
Charles M. Brayton, about twenty rods east of the railroad water tank. 
The section here is: 


Permgmiinessandstone ~ 2.065 6 kn we oe 2 feet. 
Shale and thin sandstone mixed, about. . . . . 20 “ 
Hard blue sandstone with vertical fucoids . . . Gj 


With thin sandstones and shales above. 


Following the railroad south, these sandstones dip below the track at 
intervals, the last disappearing at the twenty-fourth mile post from Buffalo, 
two miles north of Holland. From here to Protection, the rock observed 
is a black fissile shale stained with iron. East of Protection, there is 
an outcrop of sandstone with layers a foot thick. Between Chaffee and the 
county line, the rock is blue shale with thin sandstones, none of which were 
thick enough for flags. This rock has the appearance of Portage. I could 
not hear of any stone quarries in this vicinity, although one or two were 
reported near Arcade, in Wyoming county. 

On the west branch of Cazenovia ereek, sandstones occur in several 
places, but are generally thinner than those seen on the east branch. They 
occur on the higher ground near Jewettville, on both sides of the creek. On 
the Phelps farm, two miles southwest of Hast Aurora, there is also a quarry 
of flagstone eight inches thick, from which blocks ten feet square have been 
taken. The stratum is comparatively thin, but is near the surface and easy 
to work. Below Griffins Mills are several layers from six to eight inches, 


with one at least twelve inches thick. A quarry of this stone is worked on 
21 
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the hillside, about half a mile farther east. Between here and West Falls 
there are no sandstones except a few thin flags among the shales. At the 
latter place there is a stratum about six feet thick, containing layers like 
those at Griffins Mills. From here to East Concord, all the rock in sight 
consists of shales and thin argillaceous flags. 

A mile northwest of Springville, on the farm of Mr. F. A. Clark, is a 
quarry containing a six-foot layer of a grey siliceous sandstone, unlike any 
seen elsewhere in the county. In this stone I found several fossils, among 
which Professor J. M. Clarke recognized Chonetes scitula, Productella speciosa, 
Orthothetes Chemungensis (small variety), and a small Spirifer of the type of 
S. mucronatus. These, he says, are representatives of the Ithaca fauna, and 
not members of the normal Portage fauna. In the drift near by were 
fragments of a small branching coral which may have had its origin in 
this vicinity. 

On the opposite side of the road, the same stratum of stone is worked in 
a quarry owned by Mrs. B. Wheeler. At Pike hill and Townsend hill, three 
miles southwest of Boston Corners, are quarries of heavy sandstone, which are 
described by Mr. Albert Pike, a former owner, as “ grey sandstone,” and may 
belong to the same horizon. Owing to the approach of winter I was not able 
to visit these quarries. In the vicinity of Boston and Boston Centre, the 
rock is mostly shale with no thick sandstones; but there is a quarry on the 
Zeller farm, four miles south of Boston Centre. At the viaduct over Catta- 
raugus creek, near Springville, the deep gorge of the river is cut through 
olive shales containing very little arenaceous matter. 

From Shirley, near North Collins, to Collins, the argillaceous sandstones 
occur, being quarried on the farm of Daniel Sherman, two miles north-east of 
Collins. They appear to belong to the lower sandstones of the group. At 
Zoar, the Cattaraugus creek has cut a gorge through the Portage, exposing 
two strata of sandstone. The upper, near the top of the bank, is twenty to 
thirty feet thick and separated from a lower fifteen-foot stratum by about 
thirty feet of shale. Above Zoar, for five or six miles, the rock along the 
river is an olive shale with thin arenaceous layers, but no heavy sandstone. 
In the southern part of the county, a fucoid resembling the Spirophyton caudi- 
galli is very abundant, fine specimens occurring in the gorge at Zoar. 

A few poorly preserved brachiopods were noticed in loose micaceous 
rock in the bed of a stream near Lawton’s. From the appearance of the frag- 
ment the stone had been washed down from the eastward ane possibly may 
have been derived from adjacent Portage rocks. 
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Quaternary Geology. 


Wherever limestones are freshly uncovered in this region, their surface 
is found to be polished by glacial action, the striae extending from northeast 
to southwest. Excellent illustrations may be seen at Fogelsonger’s quarry at 
Williamsville, in the Forest Lawn cemetery at Buffalo and at the Lehigh coal 
shed near Cheektowaga. At the last named place several acres were stripped 
of drift to expose the rock, which was used as the floor of the structure. The 
surface was slightly undulating, well polished, with grooves rarely exceeding 
half an inch in depth. One set of striae was noticed crossing the others, but 
it was of limited extent and evidently of local origin. The accompanying 
photograph, taken at the southern end of the shed, gives a fair idea of the 
glaciation here. 

Up to the. base of the Hamilton group the bed-rock is covered with clays, 
varying from a few inches to sixty feet in depth. The lower stratum is a 
blue clay filled with smoothed and striated bowlders. Above that is a red 
clay, seldom containing stones larger than a man’s fist, and at the surface is a 
thin deposit of muck alluvium or stratified gravel. 

A well on the farm of William P. Carr, near the lower end of Grand 
Island, shows the general succession of strata, as follows : 


LOAM, At ediee Ne Meee ee 8 ooo pitas, 6 feet, 
RiCOuClAV ay weeh ay eM: |! 4 ci eegaitate aes... 20: | 
Poe aniel avisn aman ee Beige os) | cnt ni eee lage ceo LA 


A copious flow of water was struck at forty feet. The top of the well is 
ten to twelve feet higher than the surface of the river, which is here twenty- 
two feet deep. Another well, a mile and a half farther south, passed through 
similar strata. At Sour Spring grove, on Grand Island, opposite Tonawanda, 
the drift is sixty feet deep and in Tonawanda village fifty feet deep, as shown 
by boring in both places. At Getzville, it ranges from twelve to sixty-nine 
feet, the latter depth being found near a creek. At Rapids, a water well 
forty feet deep did not reach bed-rock. Along Buffalo creek, within the city 
of Buffalo, the superficial deposit is about fifty feet thick. Although the 
areas outside the river and creek bottoms are more thinly covered, numerous 
borings and excavations show that the average thickness of the drift over the 
area under consideration is not far from twenty-five feet. 

The surface of the Hamilton and Portage rocks is covered with drift 
somewhat unevenly distributed but increasing in depth toward the south. 
The upper rocks of the Portage group from Chaffee to Gowanda appear to 
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have been the dumping-ground upon which the great glacier deposited the 
most of its load. In the vicinity of Zoar, the borings for gas showed, in two 
wells, 325 and 379 feet of drift respectively, while the Kelly well passed 
through 515 feet, which is, within my knowledge, the deepest ascertained 
thickness of drift in the state. In connection with this it is interesting to 
notice that the greatest depth of drift in Wyoming county, 358 feet at Gaines. 
ville, is found near the top of the Portage group. Along the sides of the 
streams flowing through these deposits are many thick beds of clay which 
appear to be of finer quality than the great sheet which overspreads the lower 
levels. These clays are often laminated, when dry splitting like shale. 
Examples of these were noticed along the west branch of Cazenovia creek 
above West Falls and on a branch of Cattaraugus creek near Springville. 
There is also a good exposure back of the Lehigh coal shed at Cheektowaga. 

Stratified sand and gravels occur in several places throughout the county, 
but in no order which would indicate a general system of deposition. An 
irregular strip lies about midway between the limestone terrace and Tona- 
wanda creek nearly all the way from Getzyille to Akron. Another extends 
from Orchard Park to Elma Center and for several miles west and east of 
these points. Large deposits were also noticed at Chaffee, Brant Center and 
other places in the southern part of the county. While these affect the 
character of the soil for agricultural purposes they are of small economic 
value. The deposits utilized by railroads for ballast are usually pockets of 
small extent and due to local causes. ‘The Erie gravel pit at Alden will serve 
as a good type of this class. 


Soil. 


The northern plain has a soil consisting largely of clay loam which 
is somewhat heavy and holds water. Over large portions, however, and 
especially along Tonawanda creek, there are considerable areas of deep allu- 
vial river-bottom which are extremely fertile and furnish good crops. The 
limestone ridge is well drained, has a larger proportion of gravel mixed with 
the clay and is better adapted to wheat and other cereals. The middle plain 
consists mainly of alluvial creek-bottom, well suited to market gardening 
to which it is chiefly devoted. Along the lake slope south of Buffalo the dis- 
integrating shale forms, with glacial gravels, a soil well adapted to fruit 
raising, which is further favored by a mild, uniform climate due to the neigh 
borhood of the lake. The tops of the hills southward are covered with stiff- 


clay which produces good grass and supports large dairying interests. In the 
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vicinity of Chaffee, Springville and along the slope of the Cattaraugus creek, 
the deposits of glacial drift combine many elements of fertility and form a 
rich and productive soil. As a whole, the agricultural interests of the county 
are varied and include the principal branches suited to the climate of 
this state. 


Springs. 


The hydraulic limestones at the foot of the Helderberg escarpment 
furnish copious springs, often smelling strongly of sulphuretted hydrogen. 
The largest within the county are located below the Fogelsonger quarry at 
Williamsville. Within a quarter of an acre, sufficient water rises to run a 
erist-mill. In searching for a source of water supply for Williamsville during 
the past year the flow of water from these springs was measured by the 
engineers and found to be one and one-half million gallons daily. 

In the bed of Murder creek at Akron, just below the dam, there are 
several springs, one of which fills a five-inch pipe with cold, sweet water. 
Another, twelve feet away, is strongly charged with sulphuretted hydrogen. 
The gas-wells at Akron, Clarence and Williamsville have also tapped 
sulphur water. 


Preglacial Erosion. 


The Niagara river, as it leaves lake Erie, breaks across the lower part of 
the Corniferous limestone opposite Fort Porter. The river bank meets the 
lake shore bluff near the New York Central railroad bridge over the canal, 
forming an obtuse angle. About a hundred yards below this bridge, between 
the railroad and the canal, is a small quarry from which stone has been taken 
during the past season for canal repairs. The freshly stripped surface of the 
rock I found to be smoothed and striated by glacial action down to within 
two feet of the bottom of the quarry, or to about the level of the canal tow- 
path. Below that were evidences of glaciation but partly hidden by earth so 
as to render it doubtful whether or not the striae extended lower. From the 
top of the bank to the lowest well-defined striae is thirty-seven feet, eighteen 
feet of which is drift, leaving nineteen feet of glaciated limestone below the 
surface of the rock escarpment. 

The layers next to the river were slightly terraced and the edges 
afterward smoothed, showing that the rock was removed before glaciation 
took place. The bed of the river opposite this place, as shown by the United 
States Survey, is twenty-one feet below the surface of the river or approxi- 
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mately thirty feet below the level of the canal tow-path. Across the river, 
the limestone in sight is water-worn but not glaciated. The highest outcrop, 
however, is not more than five feet above the mean surface of the river. It 
may be assumed, therefore, that the present channel of the Niagara river at 
this point existed before the glacial epoch, and was at least twenty feet below 
the surface of the limestone cliff on the eastern side, and probably lower near 
the middle. 

Half a mile down the river on the Canadian side, near the stone church, 
the water-lime is striated and smoothed by glacial action down to and beneath 
the water line of the river. Photographs showing these markings and _tliose 
in the quarry on the American side are here given. It is certain, therefore, 
that the present channel of the upper Niagara cannot be more recent than the 
close of the glacial period, and probably was well defined to the depth of 
twenty feet or more before that time. 

The rate of erosion going on now is difficult to estimate, very few data 
upon that point having been collected. In smaller streams flowing over the 

Jorniferous limestone, the amount of erosion since the glacial period amounts 
to only a few inches. A view of the bed of Cayuga creek, near Bellevue, is 
inserted here for the purpose of illustration. The surface of the limestone 
under the bridge is glaciated on the right bank of the stream. Erosion has 
proceeded through the widening of joints, partly by the action of water, and 
partly through the agency of material carried along by the current. The 
stream is here quite rapid when at its normal height, but the depression in 
the channel shows that very little material has been removed. While the 
volume of water in the Niagara river is much greater than in the stream 
referred to, it is probable that erosion is there proceeding very slowly; and 
that a part of the central depression, where the river now is, Was excavated 
before glacial time. 


Preglacial Rivers. 


It has been thought by Dr. Julius Pohlman and others, that a preglacial 
river of large size flowed into the depression now occupied by lake Erie at 
some point between the present mouth of Buffalo creek and Bay View. 
This opinion was based largely upon the fact that in driving piles for the 
Lehigh docks on the Tifft farm, the bed-rock was found to suddenly drop 
from about thirty-seven feet to over a hundred feet below the surface. As 
the rock to the northward was known to be Corniferous limestone, it was 


argued that a stream of larger size than Buffalo creek was necessary to erode 
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a rock of such durability to the depth shown py the excavations. Since the 
matter is of considerable local interest, I have looked over the ground very 
carefully for evidences of such a stream, and have collected from contractors 
engaged in sinking piles, drilling and dredging, considerable data regarding 
the surface of. the bed-rock. 

The existence of a great river at any time near the present site of 
Buffalo creek or between there and Bay View is negatived by the appearance 
of rock at or near the surface in the places where this supposed river must 
have flowed. Stone has been quarried near Seneca and Chicago streets and 
at Bailey avenue and the New York Central railroad crossing; it crops out 
in the brick-yards on Clinton street near Bailey avenue, and at the end of 
Clinton street. It is found near Winchester, in Cazenovia park, and in 
several places between there and South park. It also is found in Smoke 
creek below West Seneca. Farther away from Buffalo, the outcrops of rock 
are so continuous as to preclude the possibility of a stream which, in its 
upper course, did not flow over approximately the same bed as one of. these 
existing. At the Snow Steam Pump Works, near Buffalo creek, the limestone 
was found at fifty-two feet. The wells at the Atlas Oil Refinery and the 
Chemical Works touched it at about the same depth. At the upper end of 
the Hamburg canal, the distance to rock is twenty-three feet, and at the lower 
end twelve to fifteen feet. At the Glucose Works it was forty-two feet. 
Along the Ohio basin, on the south side, the drift is from twenty-six to 
thirty-seven feet deep, dipping towards the Lehigh docks. Mr. J. H. Leh 
informs me that the piles were driven here six feet apart from north to south, 
and that each pile had to be made a foot longer than the preceding one 
to reach bottom. The southern limit of the Corniferous limestone appears to 
be near these docks. At the railroad bridge across the Blackwell canal, on 
the side next the lake, the piles were driven to the depth of 120 feet without 
touching bottom. From the Hamburg turnpike bridge to the foot of 
Michigan street along the creek and canal in the vicinity of Ganson street, 
there is no rock nearer the surface than eighty or ninety feet. It is 
probable that this depression is continuous with the 120-foot depth at the 
railroad bridge and lies nearly at right angles with the general course of 
Buffalo creek at this point. 

Within a few years the United States engineers have made a series of 
borings to ascertain the nature of the bottom between the southern end of the 
breakwater and Stony Point. The borings were 400 feet apart and approx- 
imately 1,000 feet from the shore, passing through the lacustrine deposits to 
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rock-bottom. Between the end of the breakwater and a poit opposite the 
Lehigh docks, the distance from the surface of the lake to bed-rock was from 
fifty-three to sixty-one feet. Sixteen hundred feet further on, the bottom was 
seventy-one and one-half feet below the surface, with a rise to fifty-nine feet 
within two stations. The deepest depression lies near Stony Point, where the 
rock was seventy-seven feet from the surface. Beyond this the rock rises 
quite abruptly, being only eleven feet from the surface at the last station near 
the shore. The lake charts show a depression in the lake bottom nearly 
opposite the Lehigh docks, which extends about 20,000 feet westerly into the 
lake. Along this, the water is about a fathom deeper than on either side. 
This depression is about 4,800 feet north of the deep depression already 
referred to and, of course, more recent. 

From the above facts it is probable that the preglacial Buffalo creek 
entered the present lake depression between the present sité of the Lehigh 
docks and Stony Point, cutting its way through soft Marcellus shales between 
the edge of the Corniferous and Stafford limestones. 

The line where the rock suddenly drops off from thirty-seven feet to one 
hundred and twenty and ninety feet, is approximately the southward con- 
tinuation of the bluff seen at the Front and may have had a similar origin ; 
or it may be the extension of the southern limit of the Corniferous lime- 
stone into the lake. At present we have not sufficient data to determine 
this point. 

There is no evidence to show that there ever was a great river here, or 
that the drainage before or since the glacial epoch was essentially different 
from that existing. 

When the continent attained its present elevation at the close of the 
Champlain period, Buffalo creek probably made for itself a channel not very 
far from the old one, emptying into the lake near the present site of the Lehigh 
docks. The sheet of glacial clays and sand, covering the valley east of the 
lake to the depth of thirty to fifty feet, extended out into the lake depression, 
filling the ancient channel near Stony Point to about the same depth. Across 
this detritus the’ submerged current of the creek flowed, cutting a shallow 
channel and finally losing itself in the lake beyond. Winds drifted sand 
upon the beach along the lake front, forming a sand ridge higher than the 
land to the eastward, like that now forming. The combined action of wind 
and waves formed a bar at the mouth of the sluggish Buffalo creek, damming 
it and causing it to flow northward, the sand ridge pene it from the lake 
and determining its present course. 
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The Ancient Lake Shore Line in Buffalo. 

Several deep excavations near Main street have given me, during the past 
summer, an opportunity of studying the stratification of the drift in the lower 
part of the city. The data collected, while mainly of local interest, throw 
some light upon the location of ancient lake levels. 

In the cellar of the building on the White property, above Chippewa 
street, there were eight feet of sand at the surface with six feet of coarse 
gravel at the bottom. Both sand and gravel were laminated, the sand 
showing cross-bedding and the gravel beds sloping towards the lake. At the 
Guaranty building, corner of Pearl and Church streets, borings were made to 
ascertain the depth of bed-rock. According to the contractors, Messrs. 
Brown & Stebell, the drill passed from the level of the curb through 

LCA eee ie eee rom ers. Or 6 feet. 

Sand‘and gravel to. <. . bles 
The cellar of the Ellicott square puildine* was Sr to the depth of 
nineteen feet, and three borings were made twenty feet deeper without finding 
rock, Sand to the depth of five feet was found in the corner between Main 
and South Division streets, extending about two-thirds of the way to Swan 
along Main, and about half-way to Washington along South Division street. 
Below the sand and covering the rest of the cellar bottom was clay, the lower 
part containing bowlders. 

In the grade-crossing work at Main street and the Terrace, piles were 
driven on the east side of Main street to the depth of thirty feet, stopping in 
bowlder clay. On the opposite side of the street the piles were sunk to 
twenty-four feet. At the bottom the soil was very hard, the pile yielding 
only a quarter of an inch at each blow of the hammer.. Near the liberty 
pole, the excavation showed clean sand on the upper side, and filling of rub- 
bish, brick, ete., on the lower. Here was probably the original terrace from 
which the street took its name. From here to Pearl street was almost clean, 
fine sand, cross-bedded and laminated, showing the action of wind. From 
Pearl to West Seneca street, the bottom of the cut was through coarse 
gravel showing beach action of water. 

Mr. C. D. Zimmerman informs me that ‘within the recollection of his 
father the land below the Terrace was a swamp, and before the erection of 
the breakwater was flooded during heavy gales, up to where the Mansion 
House now stands, at the corner of Main and Exchange streets. The maps 
of the United States survey give the elevation at Exchange and Main 
streets as 600 feet above tide, or approximately twenty-seven feet above 
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the surface of the lake. The 600-foot contour line from this point passes 
through Niagara square, keeps within a block of Niagara street on the east 
side as far as Maryland street, and there bends toward the lake again. It is 
quite evident that the sand deposits to the eastward of this are dunes formed 
by the wind, like those seen at Crystal beach, on the Canadian side, and may 
have travelled some distance from the original beach. The gravel deposits 
at West Seneca street and the Terrace, indicate that as an approximate 
ancient shore line and go to show that the lake has not subsided more than 
fifteen feet within the recent period. It is a curious fact that no shells or 
animal remains are found in any of the sand or gravel beds about the city. 


Modern Geologic Changes. 


Mr. David F. Day informs me that old maps and prints of the vicinity 
of Buffalo show islands near the head of the Niagara-river between 
Horse-Shoe Reef lighthouse and the site of the present breakwater. The 
existence of such islands is also confirmed by the testimony of an acquaintance 
of his, an old resident, who remembered seeing them. At present, their site 
is marked by shoals covered by three to five feet of water. It is probable 
that the wind was the most active agent in effecting their destruction. 


Economic Gronocy. 


Stone Quarries. 


The geologic formations which furnish stone suitable for building or 
bridge work within the limits of the county, are the following : 

(1) The Hydraulic limestones. 

(2) The Onondaga limestone. 

(3) The Corniferous limestone. 

(4) The Stafford limestone of the Marcellus beds. 

(5) The Encrinal limestone of the Hamilton beds. 

(6) The sandstones of the upper: Portage. 

The Hydraulic Limestones. The northern edge of the Corniferous lime- 
stone, together with the Onondaga limestone and the underlying water-lime, 
forms a more or less well-defined escarpment, extending from Buffalo through 
Williamsville, Clarence and Akron to the Genesee county line. In this whole 
distance there is hardly a mile in which stone has not been quarried for sale 
or local use. Since the face of the escarpment shows all three formations, 
they are usually quarried and sold together, so that the amount of hydraulic 
and Onondaga limestone. used for building purposes cannot be separately 
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determined. At the works of the Buffalo Cement Co., at Buffalo, the over- 

lying Corniferous, Onondaga, and a part of the water-lime are removed to reach 
the cement stratum. The best of these strippings are sold at the quarry for 
building purposes, and the company has just erected a crusher for converting 
the chips and refuse into road metal. The relation of these rocks in the last- 
named quarry may be seen from the following section: 


Top; Flint and limestone, Corniferous, . 3 to 9 feet. 
B(amr Onondaga slimestone,) . 2)... <5 “8 inches. 
(a= Loose triable limestone, 5 ne. OB 
(2) a snale wath eypsum crystals) ...%. . 0 “ 2 


(3) Hydraulic limestone, porous, locally 
known as “bullhead,” . 
(2) Cement rock, used for burning, 


Sly C3) 
- 
a 
a 


(1) Bottom, of impure hydraulic limestone. 

The “bullhead” stratum furnishes the greater part of the water-lime used 
for building purposes. It is light chocolate to yellowish white in color, and 
filled with cavities, irregular in shape, and ranging from the size of a kernel 
of corn to an inch or more in diameter. On account of its porosity, water and 
gases pass readily through this stone, and it is, therefore, not in favor for 
cellars or similar work. 

The Onondaga Limestone. This formation expands near Williamsville 
into one or two lenticular masses from which it is quarried by R. & H. 
Fogelsonger and J. S. Young. Being composed almost exclusively of the 
remains of corals, crinoids and mollusks, it is of exceptional purity, as is seen 
from the following analysis by Hugo Carlson, of the Johnson Laboratory, 
Johnstown, Pa. The specimen was from the Fogelsonger quarry. 
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This stone cuts easily and is used for trimmings for buildings, water- 
tables, lintels, etc. A small amount is also sold for smelting purposes. The 
chips and waste are burned for lime. The two quarries sold last year 260 
cords of building stone and 85,000 cubic feet of dressed stone. At Fogel- 
songer’s quarry the limestone has been removed to the depth of twenty feet, 
and the thickness of the remaining part, as shown by drillings from a well in 
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the quarry, is fifteen feet, making a total thickness of thirty-five feet. The 
rock at the Young quarry is of about the same thickness. 

About 150 feet north of the Fogelsonger quarry, is another known as the 
“Syndicate” quarry, owned by Louis Wild, Joseph Mayer and Henry Smith, 
of Buffalo. At present the quarry is not worked. 

The Corniferous Limestone. This formation furnished the greater part 
of the stone quarried within the county. The largest quarry interests are 
located within the limits of the city of Buffalo, and comprise two districts. 
The first includes the quarries near Main street, from the Almshouse to the 
Buffalo Cement Works. These are at present idle with the exception of 
the Grattan & Jennings quarry, which is selling a small quantity of stone. 
The second district, locally known as “Jammerthal,” includes the region on 
both sides of Fillmore avenue, from LeRoy avenue to Delavan, and extending 
east along LeRoy to Worcester place, and along Delavan avenue to Dutton. 
The limestone is very cherty, and on that account hard to cut, but makes a 
very strong and durable building material. The layers are from twelve to 
twenty-four inches thick, and blocks can be obtained of almost any desired 
size. For this reason the stone is well adapted for railroad bridges, footing 
for piers and for other heavy work. It is also the principal material for cellar 
and foundation work for buildings of all sorts. The greater part of the stone 
quarried here is used in Buffalo and by the railroads which enter this city. 

Besides the quarries already mentioned, there is a small one belonging to 
Cutter & Bailey near the New York Central railroad and Bailey avenue. 
Another, from which a few cords have been taken during the past season, is 
near the canal, just below the railroad bridge at the Front. 

The greater number of quarries within the county, and outside of the 
city of Buffalo, are located near the southern edge of the Corniferous outcrop. 
The limestone contains less chert and is somewhat thicker bedded. The fol- 
lowing section of Martin Keiffer’s quarry, near Depew, illustrates very well 
the conditions which exist at that horizon. ‘The quarry is situated near the 
north bank of Cayuga creek. ; 


(1) - Top, fine. sands ics i ee eS Ihe 
(2) Alluvium containing limbs of trees,. . . . 24 | “ 
(83) Surface of rock, rough like bed of stream, 
(4) Haver ofhimestoné, 6... > eee Ae 

x (5); Layer of dimestone;  . 0 eee | 20 r 
(6) Layer of soft calcareous shale, “2S 2... 3 


(7) Layer of timestone;/ =! <2) eee ee dee 
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(C)aslsveron limesene ge. 6. .° sl... ... 19 afhes. 
(De lhaveromumestone eh. 25... ew ake 
(10) Layer of limestone, . . - ... satire att Ue ahd 


Glacial scratches appear at the eastern ane The rest of the exposed 
edge is old, roughened creek-bottom. Statistics regarding the foregoing 
quarries will be found tabulated on a following page. 

The Stafford Limestone. This rock furnishes a stone of good quality 
suitable for building or bridge work. It has been quarried in the bed of 
Buffalo creek at the end of Winchester avenue, below Gardenville, and at 
Lancaster. The only quarry from which stone has been taken during the 
past year is that of George Bingham at the latter place. No record has been 
kept of the quantity, which is not considerable. 

The Basal Iimestone. This stone has been quarried in a small way in 
the creek below the dam at Blossom. It is used there for foundations and 
to some extent in the abutments of the bridge across the creek. 

The Encrinal Limestone. Since this limestone consists of one or two 
thick layers of a durable stone it has been quarried for culverts and abut- 
ments of bridges all along the outcrop. Owing to the limited quantity in 
sight at any one place, the supply has been largely exhausted except in 
ravines difficult of access. The only open quarry of consequence is in the 
valley of Buffalo creek, between Elma and Marilla. The quantity quarried 
here was not learned. 

The Portage Sandstones. Although, as has been elsewhere shown, 
Portage bluestone of good quality is quarried in several places, no attempt 
has been made to utilize it farther than to supply immediate local demands. 
This is chiefly due to the fact, that Buffalo, the nearest market, is supplied 
with durable stone from its own quarries, or gets it cheaply from a distance 
by means of excellent lake and railroad facilities. In addition to the quarries 
here tabulated, the following were noted which were either not in operation 


or from which no statistics could be collected : 


Phelps, . .. . . . . 2miles,southwest of Hast Aurora. 
—— ...... .. East of Griffins Mills. 

Joseph Myers, ... . . 2miles east of Wales Center. 
Ulrrch= 0 Gr . . . 14 miles southwest of Wales. 
Charles M. Be tow . . South Wales. 

Deller een . . 4miles north of Boston Centre. 

Pike and Townsend hills, . 38 miles southwest of Boston Corners. 


Daniel Sherman, . . . . 2 miles northeast of Collins. 
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Road Metal. 


Large quantities of crushed stone are used in Buffalo by the different 
companies engaged in laying asphalt pavements, concrete sidewalks and con- 
crete work generally. It is used as the foundation of all asphalt pavement, 
of which the city now has over 200 miles. When a stone pavement wears 
out, it is, as a rule, replaced by asphalt. In this case, the old blocks, usually 
of Medina sandstone, are crushed on the spot and used as the basis for the 
street pavement. Chips from the Medina standstone quarries in Orleans 
county are also crushed and sent in by canal so cheaply as to compete strongly 
with the home product. It is, therefore, very difficult to estimate closely the 
amount consumed in the city. The Corniferous limestone is generally pre- 
ferred to the Medina sandstone, for the reason that it is less absorbent, both 
of water and of paving material. For macadam pavement it is used entirely, 
the flint furnishing a substance which is very enduring, and the limestone 
serving to pack it firmly together. Neither of these materials splits readily 
or breaks up under hoofs or wheels. It makes, also, excellent ballast for rail- 
roads and is used for that purpose by some of the suburban electric railways. 
The Buffalo, Bellevue and Lancaster railroad has a crusher at Bellevue which 
furnishes ballast for that road and a large amount for surfacing the streets of 
Depew. The Buffalo Cement Co. have recently erected a steam crusher with 
a capacity of 450 yards a day, in which waste from their quarries, particularly 
the cherty rock from the edge of the Corniferous limestone, is reduced to road 
metal. The rock is wheeled in barrows directly to the mill, where it is 
crushed, screened and loaded by chutes directly into cars for shipment with- 
out further handling. The finer grades are used in concrete work, and the 
coarser are sold as ballast. The Barber Asphalt Co. has the largest plant in 
the city, at Fillmore avenue, near Appenheimer, where its quarries are located. 
It consumes the greater part of the product, but sells some to other parties. 
The Park commissioners have a crusher at the Central Park quarry, in which 
road metal for the park roads is prepared. During 1895, however, they pur- 
chased their supply of the Barber Asphalt Co. The Forest Lawn cemetery 
has a crusher in which material for the cemetery walks and drives is prepared. 
The stone is obtained from a quarry on the north side of the enclosure. 


Statistics regarding road metal will be found in the following table: 
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Hydraulic Cement. 


Historical. As Erie county was among the earliest producers of hydrau- 
lie cement, the following facts, taken largely from “ A History of Buffalo and 
Erie County, New York,” by H. Perry Smith, are of interest: 

The first cement manufactured in the county was made at Williamsville 
about the year 1825*, the quarry, kiln and mill being near the creek. In 
1839, Jonathan Delano erected works at Falkirk, near Akron, in which he 
made about 2,000 barrels of cement the first year. He furnished the cement 
for the feeder dam at Tonawanda creek and for the Genesee valley canal. In 
1843, the business passed into the hands of James Montgomery, who increased 
the output to 10,000 barrels a year. The business afterwards came into the 
possession of Enos’ Newman, a partner of Montgomery, and has been in his 
family ever since. 

In 1854, H. Cummings & Son established a cement factory at Akron, 
which was operated for several years, and was succeeded in 1865 by another, 
managed by his sons. This was sold to the Akron Cement Co. in 1870-71, 
and the Cummings brothers erected another factory about two miles west 
of Akron. Since then it has been enlarged, until now it is one of the most 
complete in the state. 

The first cement made in Buffalo was manufactured by Warren Granger 
near Scajaquada creek, in what is now Forest Lawn cemetery. 

Regarding this, Mr. Uriah Cummings, to whom I wrote for information, 
says: “Warren Granger told me some twenty years ago that he started in 
making cement in Forest Lawn just below the Main street bridge, at which 
time, 1850, what is now Forest Lawn was his own farm.” 

In 1874, Lewis J. Bennett began the manufacture of cement at Buffalo 
Plains, near Main street. The business which has been carried on continu- 
ously ever since, is now in the hands of the Buffalo Cement Co., of which Mr. 
Bennett and his sons are officers. 

Mining and Manufacture. The stratum of water-lime burned for cement 
varies in thickness from five to eight feet. It is a firm, fine-grained, compact 
rock of a blue-grey color, sometimes with a yellowish tinge, and weathering to 
a yellowish white. Three out of the four companies which manufacture 
cement obtain the rock by mining. The method employed at the Cummings 
Cement Works, at Akron, illustrates very well the process of preparing cement 


for market. The stratum is here seven feet thick, cropping out on the face of 


*Mr. Uriah Cummings, who has looked up the matter very carefully, gives this date as 1824. 
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a high cliff some distance above the base. The cutting is made horizontally 
into the rock, pillars being left to support the roof. The drills are run by 
compressed air furnished by five pumps located near the mouth of the mine. 
Blasting is done with black powder, trams convey the rock to the kilns, where 
it is calcined and then ground by what is called the gradual reduction process. 
The calcined rock is passed through four mills, being screened after each 
grinding. The cement is then packed in bags and. barrels for market. It is 
largely used for sewers, the foundation for asphalt pavements, cellar-bottoms 
and concrete work generally. This company furnished 600,000 barrels for a 
single contract, the building of the new aqueduct for New York City. The 
officers of the company are: President, Uriah Cummings; Vice-President, R. 
P. Cummings; Treasurer and Manager, P. Cummings; Secretary, Homer S. 
Cummings. 

The works of H. L. & W. C. Newman are located at Falkirk, where they 
own 200 acres of cement rock. The stratum is here seven and one-half feet 
thick. The rock is mined as at the Cummings works. For blasting, dyna- 
mite is used instead of powder, and soft coal is used for calcining. They 
make from 135,000 to 140,000 barrels yearly. 

The Akron Cement Works, at Akron, have 225 acres of land adjoining 
that of the Newmans, with a cement stratum eight feet thick. The rock is 
obtained by mining. One of the old workings is utilized for the growing of 
mushrooms, the uniform low temperature and darkness furnishing the 
necessary conditions for their growth. The officers of this company are: 
President, Hon. D. N. Lockwood, Buffalo: Secretary and Treasurer, Frank 
S. Coit. 

The Buffalo Cement Co. has its quarries on Main street, near the Belt- 
line of the New York Central railroad. Blasting is done with black powder. 
Since the city is rapidly extending in that direction, coke is used as fuel to 
avoid objectionable smoke. The overlying rock is quarried and sold for build- 
ing purposes and the refuse crushed for road-metal, thus minimizing the cost 
of stripping. <A section of the rock exposed by the stripping is given else- 
where. ‘This quarry is famous for the number and excellence of crustacean 
remains found in it. These occur almost exclusively in the cement stratum, 
and of course are obtained only when that is beg worked. Mr. Fred K. 
Mixer, director of the museum of the Buffalo Society of Natural Sciences, has 
prepared for me the following list of species found in the hydraulic limestones 
near Buffalo, the greater number of which are from the Buffalo Cement Co.’s 


qualry : 
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Merostomata. 


EHurypteride. 


Eurypterus giganteus, Pohlman. 

Eurypterus lacustris, Hall. 

Eurypterus lacustris var. robustus, Hall. 
Eurypterus remipes, DeKay. 

Eurypterus pachychirus, Hall. 

Eurypterus DeKayi, Hall. 

Eurypterus (Dolichopterus) macrochirus, Hall. 
Kurypterus (Eusarcus) grandis, Grote and Pitt. 
Eurypterus (Eusarcus) scorpionis, Grote and Pitt. 


Prterygotide, 


Pterygotus Buffaloensis, Pohlman. 
Pterygotus Cummingsi, Grote and Pitt. 
Pterygotus bilobus, Huxley and Salter. 
Pterygotus globicaudatus, Pohlman. 
Pterygotus micropthalmus, Hall. 
Pterygotus quadraticaudatus, Poblman. 
Pterygotus acuticaudatus, Pohlman. 


Since the last-named species was described, several specimens of it in 


a good state of preservation have been obtained, showing almost the entire 


animal. One in the museum collection shows all but the posterior end of the 


body with two-thirds of the tail. One set of antennae is preserved, and also 


portions of the swimming feet. This specimen is only a foot in length, but 


was probably a young animal. 


Phyllocarida. 
Ceratiocaride. 


Ceratiocaris grandis, Pohlman (specimen nine and one-half inches wide 
by five and one-quarter inches long). 
Ceratiocaris acuminata, Hall. 


Since the description of the last named species in the Bulletin of the 


Buffalo Society of Natural Sciences, vol. 5, a specimen has been found and is 


now in Mr. Mixer’s possession, which shows the shape of the carapace very 
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well, except the pointed extremity, the eye being very clearly seen. The 
body and two caudal appendages are preserved on the same slab. 


Entomostraca. 
Leperditia alta, Hall. 


Brachiopoda. 


Five forms of Discina, probably including : 
Discina (ampla) grandis, Hall (¢). 

Discina discus, Hall. 

Lingula rectilatera, Hall. 


Marine Algae. 
Order Hloridea. 


Chondrites graminiformis, Lesquereux. 

Bythotrephis Lesquereuxi, Grote and Pitt. 

The officers of the Buffalo Cement Co. are: President, Lewis J. Bennett; 
Vice-President and Treasurer, P. J. Wood; Secretary, Leslie J. Bennett. The 
city office is at 110 Franklin street, Buffalo. 

A statement of the interests concerned in cement manufacture is given 
in the following table: 


CEMENT PRODUCERS AND PRODUCT, ERIE COUNTY, N. Y. 


a THICKNESS 
MANUFACTURER. LOCATION. Ag Reis GAA FUEL. PRODUCT PER ANNUM. 
Cummings Cement Co ....| Akron. .---. 7 ft...........| Loyal Sock coal ...--~. 200,000 bbls. 
H. L. & W.C. Newman...| Falkirk ...| 74 ft.......... Softicoal 252k a8 s-se 135,000 to 140,000 bbls. 
Akron Cement Co ....-.--- IDEM ake MR alits yh yi ee eee Softicoalere-oseeceaa2 a= 140,000 bbls. 
Buftalo Cement Co ..---. Buiftalo:..—.|.5 ft. 8.1n.. 2. Cokenn a tess. sae 300,000 bbls. 
| 


Quicklime. 


The lime produced within the county is made from the Onondaga and 
Corniferous limestones. From the former, lime of excellent quality is 
burned in the kilns of R. & H. Fogelsonger, at Williamsville, and in those 
of J. S. Young, about a mile northeast of that village, the product of both 
being marketed together. Wood is used for fuel. aided somewhat at the 
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Fogelsonger kiln by natural gas from wells on the premises. The product 
marketed last year amounted to 20,000 barrels. The office of the company is 
at 215 Oak street, Buffalo. 

The Consumer’s Lime Co., Straub & Meyer, lessees, has three large kilns 
at Gunnville, N. Y., on the West Shore railroad. The rock is obtained from 
an outcrop of the Corniferous limestone about midway between its northern 
and southern boundaries. Crude petroleum from Ohio and Pennsylvania is 
used for fuel, and the kilns are kept running all the year round. In 1893 the 
product amounted to 30,000 barrels, the greater part of which was consumed 
in Buffalo. During the present year the output has been diminished, on 
account of the financial stringency which has lessened the demand for lime; 
but they were unable at the office to estimate how much the product had 
fallen off. The city address is 480 Hamburg street, Buffalo. . 

There is a small lime kiln at Harris hill, owned by A. Fiegel, which 
burns lime chiefly for local consumption. It has a capacity of one hundred 
barrels in twenty-four hours, but is not kept burning all the time. The fuel 
here is wood. 

About half a mile north of Mill grove, at the east side of the road, is a 
small kiln, owned and operated by Mr. Shaw. Lime is burned here for 
neighborhood use whenever it is needed. 

The preceding are all the lime kilns now in use within the county. 
Remains of old kilns were noticed in several places, notably at Young’s old 
quarry, northeast of Willamsville; another about a mile north of that, near 
the Transit road; one east of Harris hill, on Main street, and one about two 
miles north of Crittenden, on the road to Falkirk. 


Brick, Tile and Fire-Proofing. 


While manufacturers generally use clay as the raw material from which 
to make the above products, two firms manufacture directly from shale. The 
rock selected in both cases is an olive shale of the Portage group lying, in one 
instance, above, and in the other instance below the lowest divisions of the 
Portage sandstones. The Jewettville Pressed Brick Co. grinds the shale in a 
mill. The product, having about the appearance and consistency of dry road 
dust, is then pressed in moulds with a Boyd machine, which gives a pressure 
of about three tons on four bricks. The firing is done in continuous, double 
down-draft kilns, of which four are used. The fuel is soft coal. From 10,000 
to 12,000 is the usual make per day. The total output for a year was not 
learned. The plant is owned by Smith & Brush. 
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John Lyth & Sons, 48 West Eagle street, Buffalo, have extensive works 
at Angola, in which the raw material used is shale. The rock is ground, 
moistened, pressed through the dies, dried and burned in dome-shaped, down- 
draft kilns. Mr. Lyth has furnished me the following statistics regarding 
the product of these works from October Ist, 1894, to October Ist, 1895 : 


Wren tee ek. ot tk  .. 300,000/preces, 
NV Crete OURO UNG em a2 5. 1,407% tons, 
ene nCk 2 ny Oi Nae ee ye st 3S). 471,000 -pieces. 

By et dierent tree cede ty re jor ar 78,010. CONS, 
Hike DPC OMNO ts eo Vuh enees oie ss,” >,¢ 652,000 pieces. 
irene ee a ent neta Mo zs v6 300 tons, 


The greater part of the above was marketed in Buffalo. He is now fur- 
nishing material for the following large buildings which are in process of 
erection: Real estate building, Pearl street; Matthews building, Main street ; 
Fuchs Bros. building, Washington street ; Buffalo General Hospital extension, 
High street; Berrick building, corner Swan and Elhott streets. 

The most extensive brick manufacturing interests within the county are 
located in the city of Buffalo, along both sides of Clinton street, from 
Scoville street to Bailey avenue, and beyond Bailey avenue in the district 
included by Bailey avenue, Clinton and Ogden streets and the New York, 
Lake Erie and Western railroad. The firms within these limits are F. W. 
Haake and the members of the Buffalo Brick Manufacturers’ association. The 
latter organization has offices at 927 Clinton street and No. 2 Builder’s 
Exchange. The following statement of producers, product and capacity of 
works was furnished by Mr. Warren H. Brush, the secretary of the asso- 


ciation : 


Firm. Capacity. Made in ’95. 
Broshebtoss. ye ss SOM per day. 90 M per day. 
Tee einkcomer teem era. LOO. et Sue se 
George mchmidty a. 60" i 60 oe 
Ti tenletem ces af 7. 60°“ es 40 “ ce 
CS Berrickeds Sone. 6... = 80." te Dynes o 
mchuslertieeorm yn’ y.- 40. s Moe « 


Total output of stock and common brick in 1895, 40,515,000. 


In addition to the above, Brush Brothers have a winter plant which can 
produce 80 Ma day. This will not be in operation the present winter. The 
form of kiln was not noticed in all cases. Mr. Kirkover was using seven 

§ 
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Berrick kilns, and C. Berrick & Sons an equal number of Colwell kilns. As 
far as noticed all were up-draft. 

At Pine hill is an extensive plant under the management of Jewett & 
Reynolds. In addition to common brick, they manufacture hollow brick and 
tile. They have three Millington machines for common brick, one Frey- 
Scheckler wire-cut machine, one Turner, Vaughn & Taylor direct-action steam 
press, and a four-mould Simpson press, which is not now in use. 

The South Buffalo Brick Co., H. Bender, manager, near Gardenyille, uses 
a Martin brick machine, and makes about a half million of brick yearly. 

The Star Brick Co., Lancaster, is working one machine this year, and 
making two million brick, which is less than the usual amount. 

The Laneaster Brick Co., office 95 Franklin street, Buffalo, has its works 
near Town-line. The clay bed is there thirty feet thick. The company has 
one stiff clay and three soft clay machines, the former a Frey-Scheckler. Five 
of the kilns are up-draft and two down-draft. Drain tile, mostly flat sole, 
with one octagon size, are produced to the number of 200,000 yearly, and 
also about 500,000 hollow brick. 

A brickyard has been started during the past summer by Mr. J. F. 
Stengel on Grand Island, about a mile below the Bedell house. It is 
expected to produce 3,000,000 common and stock brick per annum. 

A small brickyard at East Evans, and one, owned by Mr. Charles 
Seedorf, at Springville, are not now in operation. 

Hall & Sons, 69 Tonawanda street, Buffalo, are the only firm making 
fire-brick within the county. They consume about 4,500 tons of material, 
which is brought here principally from New Jersey, with about ten per cent. 
from Pennsylvania. None of the material is obtained within the county. 


Sewer Pipe. 


The Buffalo Sewer Pipe Co., at Black Rock, is the only firm manufac. 
turing sewer pipe. During the past year the amount sold amounted to 
600 carloads, and the increase of stock on hand over the preceding year is 
estimated by the company as between fifty and one hundred carloads 
more, Some clay is obtained from Tonawanda, but the larger part, with the 
sand necessary to temper it, from South Amboy, N. J. The manager of this 
company is Mr. N. C. Barnum. 

The names of the firms engaged in the foregoing industries, with the 


amount of clay products, are shown by the following summary : 
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COMPANY. CAPACITY. BRICK. | HOLLow Brick AND TILE. 
Buffalo Brick Mfr’s Association.| 68,000,000 ADFT {OO Okpree gan | Sameera) te cick seeks does Sasktsec eek 
Fs Wi Haake est oes tees as se 7,000,000 OD OOOO es ht lid e855 Laetesetian tise aisha nics welte 


Hollow brick, 500,000 (capacity, 
Pinevel lS eereetesesetiaa sacs. 4,000,000 3,000,000 6 million). Tile, capacity 3 
i ; mil]. 24 in. or 2} mill. of 6 in. 


2 4 § | 200,000 drain tile 
Lancaster Brick.€0 22. 22.\5-2=2: 10,000,000 4,000,000 2 500,000 Watlawe Brick 
SlabebrekiCOrwace eect se nese ae sate se 2 OOO; OOO Kaira lctesaturcieis neces aie teeiere's as afar 
South Buffalo Brick Co. ....2...1.. We ere ete s BOOT OC Osi k ee itn eure oe eee ps tk ee Se 


( 335,000 pieces drain tile, 
Jobnilyythe éo Songl es eee seem |i wel esc Sepa ee eee 4 401,000) pieces: building brick, 
\ ( 652,000 pieces fire-proofing. 


Jewettville Pressed Brick -:---.|-.:...-.-.---. LO OOO TOU OOO per: day les =2cttewes) ee eaercveme cme. a= 
Hall’ & Sons (fire brick).- 2. --.-|-..--. -- See 900; COO Mian s Peco tbe seats scr vols Reto ac ioe 
Buffalo Sewer Pipe Co...--..... ee eet ae ted 21 het 4 2 ere  SENTOL p1pe,o00 to 700 carloads: 


Sand and Gravel. 


Nearly all the sand and gravel consumed in Buffalo is brought by boat 
from the Canadian shore of lake Erie, near Point Abino. The dunes along 
the American shore, from Michigan street to Stony Point, furnish a small 
quantity, but it is not clean, and is difficult of access. Fox & Holloway, 
extensive dealers in sand, estimate the amount taken from this source to be 
approximately 5,000 cubic yards. The deposits at Pine hill have not yielded 
much during the year. At Gowanda is a bank of sharp sand, especially 
suited for mortar, which is controlled by the Buffalo Mortar and Fibre Co. 
Some of the railroads have gravel banks from which they obtain ballast. The 
following exhibit shows the approximate product for 1895: 


PRODUCER. LOCATION OF Pir. PRODUCT IN CUBIC YARDS. 
West Shore railroad), 202- 7-2). een nie nnre ClATONCOgae roca ole mrntcitee ey enenerae ae 37,112 
New York, Lake Erie and Western rail- 
TOWN Sete eter fen cine e ein ee ies ANd oni: se aacpece i eaccee cece sae 29,300 
Kelly: SamduCojeewce nas cce sss Nat ne sas)= Gowand a s-c 22 sete tate ees 10,800 . 
Pane HilePits, t=. at oe es serenise sacle eae Pine Hill ate tac 2 Seta eesei. 2,000 
Waker Shonemecses 6s meee cree seta ss = Near (Stony, bolnt---2~ eo sea- as 5,000 
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Natural Gas. 

In this report I have endeavored to assemble all available information 
regarding the development and present condition of natural gas interests in 
Erie county. Recognizing the value of well records in determining the thick- 
ness of geologic formations, I have taken pains to secure as many as possible. 
The greater part are from the original “logs” of drillers and contractors, and, 
in the main, are accurate. Where no record has been kept, or if kept, lost, the 
data available have been given for what they are worth. These imperfect 
records always give a gas horizon or other geologic fact worth preserving, 
and usually the information of greatest economic value. With a few unim- 
portant exceptions, the material included has not heretofore been published. 

flistory. The first gas well put down in Erie county was sunk at Getz- 
ville in 1858 or 1859, and is said to be still furnishing a small amount of gas. 
Following the discovery of petroleum in Pennsylvania, more or less prospect: 
ing was carried on in the southern part of New York, and about 1860, Oil 
Creek parties secured leases in the town of Boston and drilled a well near 
Patchen. This appears to have struck a fair supply of gas; but as oil was 
the object sought, the gas was disregarded. About 1872 the Buffalo Gas 
Light Co. put down a well at their works, near the corner of West Genesee 
and Jackson streets, and struck a pocket of gas, which lasted only a short 
time. Another well was drilled near Boston Corners in 1878-79, which did 
not find oil or gas in paying quantities, but passed through fifty or sixty feet 
of rock salt. Strange to say, the owners appear not to have understood 
the importance of their discovery, for the well was abandoned. With salt 
worth $1.50 or more a barrel, the well would have been a more profitable 
investment than most oil wells. 

The Buffalo Cement Co. made the first systematic search for gas within 
the city of Buffalo in 18838, putting down a well with a diamond drill to the 
depth of 451 feet 9 inches. A second well was sunk in the following year 
near the first, but this also gave very little gas. A third well in 1887 gave a 
good flow of gas, and was followed by several others. Encouraged by this, 
in 1889, Mr. Gerhard Lang drilled a well near his brewery, at Best and Jeffer- 
son streets. A fine flow of gas was found, and many other wells were 
immediately started in various parts of the city. Mr. George Rochefort, 
directly across Best street, got an excellent well, and the Erie County Pipe 
Line was organized to take the surplus gas from the Lang and Rochefort wells 
to dwellings in that vicinity. About this time Mr. Edward L. Everson struck 
a good supply of gas in a well bored in the rear of 971 Jefferson street, and, 
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with three others, organized the East Side Fuel Co. with a capital of $20,000. 
The officers of this company were: President, Joseph Hottinger; Vice- 
President, Albert Everson; Treasurer, Edward L. Everson. This company 
was afterward absorbed by the Erie County Pipe Line organization. Shortly 
after the consolidation of the two companies, Mr. W.S. Carroll, who was a 
member of the Erie County Pipe Line Co., became interested in a gas well 
which was sunk on the Canadian side of the Niagara river, and this well was 
bought by the Pipe Line Co. As the supply of gas gave out at Best and 
Jefferson streets, other Canadian wells were acquired, until the greater part of 
the company’s property was on that side of the river. The striking of a 
rich supply of gas in the Baker well at West Seneca, in February, 1891, 
started exploration in that vicinity. 

In the following year, Philip Roth and the Argue Brothers, the latter 
being drillers and contractors, organized the South Buffalo Natural Gas Co. 
with a capital of $300,000. The Buffalo Natural Gas Fuel Co., said to be 
controlled by the Standard Oil Co., gave the South Buffalo Co. financial 
backing, under arrangements mutually advantageous. 

In August, 1895, the latter company had forty-five wells, three of which 
would deliver 2,000,000 cubic feet of gas a day, three more that would pro- 
duce 1,000,000 feet, and thirty that would produce less than 1,000,000 feet. 
About the first of January, 1896, the Buffalo Natural Gas Co., which has 
piped the greater part of its gas from the Pennsylvania fields, bought out the 
South Buffalo Co.,,and now controls all the gas wells near Buffalo, including 
the Canadian fields. At present it supplies fuel to about 9,000 customers. 


Well Records. 


Grand Island Well. (From Mr. A. B. Williams.) At Sour-Spring 
grove on Grand Island, opposite Tonawanda, a well was bored a few years 
ago to the depth of 3,129 feet, getting very little gas but much salt water 
at the bottom. Bed rock was found here at sixty feet, the rock being 
Salina shale. 


Tonawanda Well. (From Mr. A. B, Williams.) At about the time 
the well was bored at Sour Spring, another was sunk in the village of 
Tonawanda, between the canal and the tracks of the New York, Lake Erie 
and Western railroad, on the property of Mr. A. B. Williams. Bed rock was 
found at fifty feet and a very little gas at 558 feet. No more gas was found 
to 1,100 feet where drilling was stopped. 
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The Getzville Wells. (From Mr. Franklin Getz.) At Getzyville, six 
miles east of Tonawanda, is a group of twenty or twenty-one wells, in 
eighteen of which gas was found. The best of these have a pressure of 
about 200 lbs. in twenty minutes. The gas occurs at a depth of 4380 to 475 
feet in a soft white rock looking like gypsum. The product of these wells is 
piped to Tonawanda, supplying 250 families and yielding an income of about 
$7,000 a year. 

Of this group, five wells are located close together near the station, and 
the others scattered about within three miles to the north and west. The 
drift here was twelve feet deep in the thinnest spot through which borings 
were made, and sixty-nine in the thickest, the latter being near the bed of 
Ellicott creek. All passed through essentially the same strata, and have 
similar records, barring slight local differences of dip and location. The 
following record of Well No. 17, located one mile west of the village, will 
answer fairly for the whole group. It was furnished by the contractor who 
drilled several of the wells, from memoranda made while the well was 


being sunk. 


Record of Well No. 17, Getzville, N. Y. (Received from J. H. Lichten- 


burg, driller.) 


Drift, (cove he Sa ane Ore emt 
Sand andshale,j /4.:.:\vs ce is0laet eee: ART eRe LOO wees 
‘White 'sand:and ‘shale, 7.1.) (tia eee ue aI) ah“, 
Flint shell (?), bk Te al RO etre ine te Ha ges LO 
Shale: oa eS sso te oleae re a a ce eee ee 0 Danae 
Salt awatertand sand 0. 7 ta eeeee en eee ones en Gs.” 
Grey sand)\.0 i staat ak ieee iee) ener ee ee eeG. ye 
Shale, (2 RR OE oa ern ee a eee er QOt) : st 
Shale and: sarid te oer in eee er ea eee ea has OY a 
Redosand, S41. $22.2 eet ae ee emer oK) ett 
Fine white’ sand? 22" Joe ral aa Ese ap 
Red sand and shale with sulphur gas, . . . i eS oat 
Bottom .of- red! satid ctia sia eh sece bee ee ee Soe, eas Af 
Dark:sand, 0°) oe ea iaeieee, sees eee Sept hale 
Salt .water-and ‘saind/s Stshee 26. aie eee Sepa SO sas 
Grey: limestone) $).4°o soi ay a ae OMe af 
Salt water and, sand jjj-eae oeoe rs ee eee orogens “ 
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Top of (white) gas and ere Laman, s.r. RATES 
Bottom of (white) gus‘sand, 29 2... Peas Paok 
Bothonmor well: 22"). le hee aac seri Khe St 


Rock much like that at the on 


The Blocher Wells, Williamsville. ‘(From Mr. John Blocher.) These 
are located on Evans street, near the eastern end of the village. Two pro- 
duce gas and the other water. In boring the last the drill passed through: 

umespaoerr a) 0teoter reer cars) ) en, ts .'.6: to 8, feet 
Gravel and limestone alternating in beds of 3 or 4 ft. to 125 “ 
Drylumestones andishales 10 0 2. ee 510 ORad 
Water at 75 and 125 feet; dry all the way below. 

This well was bored on the very edge of the limestone terrace, and the 
beds of gravel referred to were evidently crowded into crevices in the rock. 
Similar intrusion of gravel is seen in the quarry at the Front, in the city of 
Buffalo. Water in this well fills a three-inch pipe two feet above the surface 
of the ground, and half fills it at six feet. It is charged with sulphuretted 
hydrogen and some mineral matter. 

The second well, lying about one hundred feet to the east of the one 
described, struck a strong vein of sulphur gas at 500 feet. Mr. Blocher 
thinks this flowed a quarter of a million feet a day on the start. 

Well No. 3 is situated about 200 feet north of the otbers. 


Ingumis iheldistanceto rock was. \ 4, any LO feet, 
omMmoLeNineara limestone.) SAO. sab 440° °8 
opromuelntonsltmestoness 2 Pi SY a, TOO. 
opmore Meainasandsrone,”. wo. aks sy tees “SO725). & 
Minomoureas GAN Ge es. Pals ae tee). a eee POOL“ 
Raima oubnim hawt ye aise em e tria bie Leo OD © 


Cased to 165 feet. Water sufficient to fill an eight-inch pipe was found 
five feet above bed-rock. Twenty thousand feet of gas were found in the 
Clinton, but none in the Medina. Wells Nos. 2 and. 3 are now together 
furnishing about 25,000 cubic feet of gas per day, most of which is used 
under the boilers at the power-house of the Williamsville and Buffalo 
Electric railway. (Record from driller, Mr. J. W. Stearns, Akron, N. Y.) 
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Well on the Brock Farm, Williamsville. (From H. H. Church, driller.) 
Drift, 405. aot Se ee eg eee ee 
Shales: and limestones, 27.” (4.4. #29 2s en Umer 


Niagara, «5. eS Pap tice go Mesure tly a | okie oe ee 
Shale, oo. ci SP We gs oka eset aed oA th ga ea ice 
Clintonje4atees yas cated a page oar ae 
Red Medina (?) w ch a Hae gas. «BA MSE ee ho La 
Shale, S55 Soe Sn Le SR oe | re 
First-whitesands Five 860 eho ca ge ee oe 
Black\shalewsgss oa) oy ie, Ie Sine 
White, coarse Medina oa (very fair gas producer), 20 “ 
Red shale es ® ogi apace hee Gr Bee) a ae 
Total depth of well). Ss) 27 cot} a) ae ea 
Rockgpréssure; 2. ya : Ale hos Be AON ers, 


Mr. Church says that the red shale in which the well stopped extends 
980 feet below the white Medina. 


Frogelsonger’s Well, Williamsville, N. Y. Samples of drillings from this 
well have been ee in a glass tube, and are in the possession of the 
Buffalo Society of Natural Sciences. The following record is compiled from 
an inspection of the drillings, and is based upon color and hardness as shown 
by fineness of comminution, and such other characteristics as could be seen 
through glass. The well was started im the Onondaga limestone, extending 
from the surface to fifteen feet. 

From 15— 50 feet, Bluish shale and water-lime. 

50— 60 “ Brown water-lime. 
60-105 “ Soft gypseous shales. 
105-155 “ Soft rock, containing pieces of white gypsum. 
155-190 “ Harder rock, light and dark chocolate color alternating 
190-200 “ Grey shale. 
200-210 “ Soft, light grey gypsum (?). 
210-250 “ Darker, soft, gypseous shale. 
250-265 “ Harder, light chocolate-colored limestone. 
265-880 “ Bluish grey gypseous shale. 
380-400 “ Darker gypseous shale. 
400-420 “ Light-colored, soft, gypseous shale. 
420-450 “ Softer, darker alates 


450-475 “ Jiuimestone. 
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475-485 feet, Softer calcareous rock, with gas at 485 feet. 
485-495 “ Hard brown limestone (?). 
495-505 “ Soft light brown shale. 
505-540 “ Hard compact sandstone or limestone. 
540-645 “ Soft limestone or calcareous shale, gas at 626 feet in 
grey, medium soft limestone or shale. 
645-680 “ Hard limestone. 
680-720 “ Soft, ight grey gypsum (7). 
720-740 “ Soft, dark blue shales. 
740 “ White limestone (?) with gas. 
745-760 “ Darker limestone (?). 
760-785 “ Blue-grey limestone. 
85-790 “ Light red sandstone (Medina ‘). 
90-805 “ Dark red sandstone (Medina ?). 
805-810 “ Light red sandstone (Medina ?), very hard. 
810-820 “ Dark red sandstone (Medina ?). 
820-838 “ White, hard sandstone. 
838-845 “ Grey shale (?). 
845-850 “ Darker grey shale. 
850-890 “ White sandstone, hard, with gas at 850. (In white 
Medina’). 
890—bottom Soft red shale. 
The limestone at 450-475 feet is probably Niagara. 


Well at Kenmore. (Drilled by Mr. Mook; record from Miss Flora 
King.) This well is located on Kenmore avenue, east of Delaware. The 


drill found here: 


Dt eee ce Made ie Peters cus BO Leet, 
WeROMnN EOC teria bi Ls oe hee eS Cee ir Ab OOD 
oan Oc meaner Seiad oie Fhe Naas ort iSicN > eran GO) a> 
ERGOT. int gk Each a a a rn Sy taal ana ara ana me sarcaies! 05 10 a 
Sie ee yar ia tay ade eS ih Le agg. 
Sulphur eas, eer een SINS Sa nce oo tata ta trae | NOD lal) 
SEAL ASG MIS! oo 18 ie See eae ir Anan Ee ea mca 0) | 
acd noe rane suiahe lye ee. ns Oe el ato. YU): te 
Medina brown sand, . . . .. . re TOCN ee Os lune 


Tamer ON sa Narre ha a de etre iad hus, LOOleNs 
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Well No. 1, Clarence: (Record from J. W. Stearns, driller and con- 
tractor. ) 


Drift, wo LEE SI So MS NE san ak SU, SS Be eben Se ee 
Salina; s .. 2. )2945 fromae03=465 feet. ame a oe 
Niagara limestone,  “ 465-665 wis eee a DOOrane 
Shales, :f 4k onion 6655705 Ca Gaeaeeies. SS O Bee 
Clintons 133-316 0s4emmabe es Pes Das 
Red: Medimay 1524) 3 760—862 Vat Saree oi AO he 
White Medina, . “ S62-88 1 See ree 21 One 
Red shale to bottom of well, at Jikan So pte otc ai 


Some sulphur gas was found at 505 feet in the Niggas and good gas in 
the white Medina at 864 feet. This well is located on the east side of the 
Ransom road, near the West Shore railroad tracks. 


Clarence Well No. 2 is located beside the brook about thirty rods north 
of Main street. It is about 880 feet deep. In July, 1895, the gage showed 
400 lbs. pressure. The two wells supply thirty-five houses with gas. 

The Akron Wells. There are three borings at Akron, known as the Old 
Well, Well No. 1, and Well No. 2. The Old Well was put down in 1889 or 
1890 in the eastern end of the village, near the Bloomingdale road. Well ° 
No. 1 is located in the bed of the creek, about half way between Falkirk and 
the West Shore railroad; and Well No. 2 is about 300 yards west of the West 
Shore railroad station on the north side of the track. 

The following record of Well No. 1 was furnished by Mr. J. W. Stearns: 


Drift, oh 5. oS SA eet en coo feet, 
Salina, 28.5) 08 3) x NaS ee ae a ete Ono eae aera A) < 
Niagara,. .: .,../,400=590- feet, “maine enced aL OO 2 1 
Shale’ 2-53, 590465 Ora ta a ieee Man ee ee a ious 
Clinton; 4.24. "6BOSG8B0 issn ens ok eres ae Owe atin | tea ho got 
Red Medina, 685-762 “ (id ogee 
White sand, 762--787 “ ME ANE J 2 Rone, Se,” (aes 
Red shale, . 787-805 Goto nN Sie Boies Oia sae 


All the preceding wells, together with the Almshouse and Bennett wells, 
in the city of Buffalo, are located upon the rocks of the Salina group. 


Natural Gas in Buffalo. 
Wells at the Almshouse, Main street, near the City line. Two wells were 
sunk here to provide fuel and lights for the almshouse, one being drilled by 
Mr. M. McIntyre, and the other by James Woodring. The first well was 800 
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feet deep, getting gas in the white Medina near the bottom, with a pressure 
of 105 lbs. in thirty minutes. Well No. 2 was drilled to the depth of 1,000 
feet, but struck gas at about the same level as the first, 800 feet. The two 
wells are now coupled together and used to furnish heat for cooking through- 
out the buildings, At first the gas was used under the boilers, running four 
forty horse power and two forty-five horse power boilers; but later coal was 
substituted for this purpose and gas reserved for the ranges. The original 
rock-pressure was 325 lbs., and the wells are said to furnish nearly as. much 
gas as they did at the beginning. Information regarding the above wells was 
furnished by Professor Franklin W. Barrows and Mr. Winspear, engineer at 
the almshouse. 


Kensington Well. 'This well was sunk near the railroad tracks at the 
north end of the Spaulding Machine Shops. No gas was found and no record 
kept of the rocks through which the drill passed. 

A well was sunk for water at the Grattan & Jennings quarry, Amherst 
street and Delaware, Lackawanna railroad, without finding gypsum. The 
well was one hundred feet deep. 


Wells of the Buffalo Cement Company. Near the Main street crossing of 
the New York Central Belt-line is a group of twelve wells, eleven of which 
have been drilled by the Buffalo Cement Co. Of the first three wells 
Mr. Charles A. Ashburner has given an account,* which I quote: 

“Well No. 1 was drilled in 1883, with a diamond drill. * * * This 
well shows gas in a very limited quantity at a depth of 451 feet, 9 inches, 
which slightly increased in volume down to 490 feet, 6 inches, when the 
drilling ceased. The gas rock, as shown by the cores, is a very compact sand- 
stone with numerous pin-point openings. 

“Well No. 2 was put down in 1884 to a depth of 1,305 feet, but proved 
unsatisfactory. No salt was found and but little salt water; and no per- 
ceptible increase of gas was obtained beyond that shown in Well No. 1. Mr. 
L. J. Bennett writes that from the best information based upon his drill- 
notes, the various rocks penetrated in Well No, 2, were as follows: 


Lower Helderberg limestone, . ..... . . 50 feet. 
SUEDE CLACN POSES. Sot wll RA SUE Tg Peta ae erties aT! rman 19) Oa 
Niagara and Clinton limestone and shales, . . . . 185 “ 
MeMiNnapsAnOSt ONO. @ Whte ce ied... bei ralipa: bite be,’ O20" 
Ota lets yise hd Ake Oe nm ia te es OO teat? 


*See ‘‘ Petroleum and Natural Gas in New York State,” by C. A. Ashburner, p. 19. 
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In the above record the rock called * Lower Helderberg” is probably 
the water-lime of the upper Salina. This. well was located only six feet from 
Well No. 1. 

Dr. Julius Pohlman, of Buffalo, examined the samples from Well No. 2. 
His record, quoted from Mr. Ashburner’s report, is as follows: 

“Beginning at a spot where the rocks of the water-lime group, suitable 
for the manufacture of cement, had been removed, and which is seventy feet 
above. the level of lake Erie, or 643 feet above tide-water, the drill encoun- 
tered the following strata: 

From 1— 25 feet, Shale and cement rocks in thin streaks, 

25—- 380 “ Tolerably pure cement rock. 
30—- 43 “ Shale and cement rock in thin streaks. 
43—- 47 “ Pure white gypsum. 
47— 49 “ Shale. 
49- 61 “ White gypsum. 
61— 62 “ Shale. 
62—- 66 “ White gypsum. 
66— 73 “ Shale and gypsum, mottled. 
73— 181 “ Drab-colored shale with several layers of white gyp- 
sum, measuring eighteen feet in all. 
131— 133 “ Dark-colored limestone. 
133— 137 “ Shale and limestone. 
137— 140 “ Dark-colored compact shale. 
140- 720 “ Gypsum and shale, mottled, and in streaks. 


[90-4725 “« “famestone; 


725- 760 “ Soft red shale. 
760— 785 “ White solid quartzose sandstone, very hard. 
785-1305 “ Soft red shale. 


“At 1,805 feet the drill was stopped. Permanent water was struck at 
forty-three feet; gas of fair quality as well as quantity, at 452 feet; salt 
water, leaving on evaporation about twelve per cent. of salt, was found at 555 
feet. A shaft, twenty feet square, was sunk on the premises later, for the 
purpose of determining the feasibility of mining the gypsum, but the rush of 
water through the gypsum layer at forty-three to forty-seven feet, was so 
strong that a pump with a capacity of 2,000 gallons per minute failed to 
make any impression upon it, and the attempt was abandoned.” 

Well No. 3, according to Mr. Ashburner, was 517 feet deep, striking 
gas at about 460 feet. After torpedoing the well the gage showed sixty 
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pounds pressure in fifteen minutes and 142 pounds maximum rock pressure. 
Six months later it gave 27,600 cubic feet in twenty-four hours, 865 feet 
from the well, by meter measurement. 

The other wells range from 517 to 565 feet in depth, and show essentially 
the same geologic conditions as the preceding. All the wells were connected 
together and the gas piped to the cement works, where it was used as fuel 
under the boilers and to houses along Main street, supplying in the latter 
about thirty-five fires. Mr. Bennett informs me that the gas was measured 
for one season and a daily record kept of the amount consumed. The meter 
showed from 58,000 to 80,000 cubic feet per day, 65,000 cubic feet being, in 
his opinion, a fair average. The total amount which passed through the 
meter during the season was 18,321,600 cubic feet. 

The core of Well No. 1 is now in the possession of the Buffalo Society 
of Natural Sciences. 

The Jefferson and Best streets group. In the vicinity of Jefferson and 
Best streets is a group of thirteen wells which were at one time very pro- 
ductive, but are now partly filled with water and give very little gas. The 
first of these was drilled in 1889 by Gerhard Lang, on his property at the 
northeast corner of Jefferson and Best streets. This proving successful, he 
afterwards drilled three more, two of which were good. One of these wells 
supplied two boilers at his brewery for a year. After that the pressure 
gradually decreased and at present all four wells are abandoned. 

In the same year, Mr. George Rochefort drilled two wells on the south- 
east corner of the same streets, opposite Lang’s property. These were about 
1,000 feet deep. Well No. 1 furnished fuel and lights for his brewery, 
running four boilers and a malt-kiln, and displacing about thirty tons of coal 
a day. The gas from Well No. 2 was piped to private houses. Mr. Roche- 
fort informs me that the pressure in Well No. 1 was, at the start, 525 pounds, 
and in Well No. 2, 490 pounds.* At present, the pressure is about seventy- 
five pounds. According to Professor F. W. Barrows, one of these wells was 
800 feet deep, and the other 1,100 feet. 

Mr. C. Schuler, near the southwest corner of Best and Jefferson streets, 
has a well which was drilled about the same time as the Rochefort wells. It 
is about 1,000 feet deep and at one time yielded a fair amount of gas. At 
present it is full of water and furnishes only gas enough for one house. 

Four other wells were drilled on lots fronting on Jefferson, between Best 
and High streets, known respectively as the Steffan, Weppner, Everson and 


* A record obtained by Professor Barrows in 1890, gives pressure at that time as 200 pounds and 150 pounds. 
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Ruhl wells. Two more were located in the rear of these on an alley running 
west from Berlin street. The relative location of these is shown by the 
accompanying map. The Everson well, in the rear of 971 Jefferson street, 
had, according to the owner, Mr. Edward L. Everson : 


Drift, 6 Ss Fa ee Jee BOG 
Salt water >, 25. RE sh Don Se at 7007F" 
Gas sand (white Medinn wich zw. em Lene SOA ee 
Well was drilled to. . . . nein oe Se i041 OTe 


At the start the gage showed 300 stale rock-pressure, which had 
fallen, at the time of my visit, to fifty pounds. The hole is now partly full 
of water which has to be removed at frequent intervals with a “Klein” 
pump. Professor F. W. Barrows says of this well: “It gave a pressure of 
280 pounds in twenty-five minutes, and furnished enough gas to supply 
thirty or more families with fuel and lights. It was left wide open for 
months, allowing the gas to escape into the air.” 


Well corner Sherman and North streets. (Drilled by Mr. Mook; record 
from Professor F. W. Barrows.) 


Clavar.s ankle Sali te ie Maren etal Hien Ocbou| oO sees 
Limestone, Gece lbh are beat +s ib, aed tether 
Limestone, water-lime, i) ame woe | tala Cee OOee: 
Reddish brown water-lime; 4p 2.55 iiss) osu Ae aes 
Red sand. and? gas, cl))25 {iii ee cals alae vn Os cat" 
Red. sand andygag, i. Gite nee ie cen ope aan CO 
Gag th ile) Pee his eee ey Gk ee ee a oO. 
Gray org? RR a ese ie get me ere () >“ 
Red shale, nije eee ok Woe be eS oeeer mp GO Eto 1,200, 2“ 


The rock-pressure in this well was 375 pounds, the pressure running up 


to 150 pounds in twelve hours. 


Well at Cook's Distillery, East Side of Spring street, between Broadway 
and Sycamore. (Drilled by Mr. Mook; record from Professor Barrows.) 


Blinky inal abit ae oaeeee RO TO.) £25. foet. 
Slate and gypsum, in pen <i Wii R seh ary kn BFotAG OO: \ 
Limestone, 3) ac; s yes oie & trom 8000r 400 to, 800 “ 
Medina, sandstone;., sidi spond ica eee ies ee Ome UO, > 
White sandstone, . . . . . . between 900 and 1,000 “ 


Red shale below. 
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No comment accompanies the above notes which were evidently given 
approximately from memory. Mr. Mook thinks the well was sunk to the 
Trenton at about 3,029 feet. 

Well of Julius Binz, Broadway Brewery, corner Broadway and Smith 
streets. (Record, approximate, from Professor Barrows.) 


Pieamite mane ee eee OO feet: 
Pee ae eee mwa eae, ebay aie). 3) | BOON 
PiMiemerid re seer ee eet Pe tee SS LOONEY) 
Orme css ale wu a aereentar rene 1000S 
Hardorey rode)... Pie 800 “ 


Sulphur gas was found ee 600 tnd 700 cen pawn: sand with 
some gas at about 950 feet, and gas in soft red shale at 1,944 feet. No 
more gas. was found in the well which was drilled to 2,760 feet. 

The rock-pressure, in 1890, was seventy to eighty pounds in six hours, 
but the gas obtained would run an eighty horse power boiler only an hour 
at a time without “rest.” The well suppled twenty-two ordinary gas- 
burners and the surplus was used with coal in the furnaces. The gas in this 
well ceased flowing on the last day of the year 1893. At night the burners 
showed the usual pressure, but on the morning of January Ist the gas had 


stopped entirely and none has been produced since. 


Wagner Gas Wells, Wagner Car Shops, Broadway near City line. 
Two wells were put down here, the first to 1,200 feet and the second to 
3,150 feet. According to Professor Barrows, Well No. 1 showed: 

Red sand, with sulphur gas . . .. . . . at 790 feet. 
Birmek- casi, coi me ake aos eet eee AE OO Ose 

The rock-pressure was 375 pounds at first. 

Well of German-American Brewing Oo., corner High and Main streets. 
(From Mr. Storck, Superintendent.) This well was drilled, in 1891, to a 
depth of 1,004 feet to obtain fuel for the brewery. A very little gas was found 
at 800 feet, but not enough to be of use. Water at a temperature of 
about 50° F., was found in abundance between 350 and 400 feet from 
the top, and is used to cool the beer. The cold water takes the place of ice 
and in that way has paid the cost of drilling the well. 

Urban Well, on Oak street, 170 feet north of Genesee. (Drilled by 
Mr. Mook. Record by Professor Barrows.) This well is 2,000 feet deep 
and had a very little gas at about 1,000 feet. It is now furnishing only 


enough for one street-lamp. 
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Well at Water Works. (From Superintendent Knapp.) At 900 feet 
enough gas was found to warm a house. Well was sunk to 2,020 feet 
without finding more. No record of rock passed through by the drill 
was kept. 

Bujfalo Gas Light Co., corner Jackson and West Genesee streets. This 
well is located in the rear of the gas works near Fourth street and the 
Wilkeson slip. It was bored in 1872 to see whether gas existed there, and 
if so, whether this could be utilized for illuminating purposes. A small 
quantity of gas was found which was used as fuel under the boilers. 

Mr. Boore, the superintendent, informs me that he measured the gas for 
twenty-four hours, and the meter showed 14,000 cubic feet. After ten or 
twelve days the flow of gas diminished to a quantity sufficient to furnish 
only one or two ordinary gas jets and the well was abandoned. The well 
seems to have been of the type of “great pressure but little gas,” as it is 
said to have blown out the casing and seed-bag. The supply was not 
increased by torpedoing. Some sulphur gas was found near the bottom of 
the well, and water charged with some saline matter which was extremely 
caustic, and irritating not only to the tongue but to the skin. Information 
from Mr. Boore and Mr. Krumholz. Record of this well is in existence but 
could not be found at the time of my visit. 


Well in South Park. (Record from memory by Mr. G. C. Shaffer, 
who was present while well was being drilled in July, 1895.) 


Botle tad st howe See Oo oe ect. 
Shale-and limestone, 0 a forse oe = eo. 4 
Wb (0)\.5 oP ines a Se oe eds oon ee, 
imestones (7) ist ee oe eee emeee ow he) cemerereen OO: 5“ 
SH Alen oe RE Ud SPRL Oar 1.) ti ae aes <4 
Red Medina, 4y) acai sy abeien re aieomtaes, 1s, Seen perme 0h 62 
Shale Sr ty PE ig hohe mace rab eegs ay een reer) ae 
Gris-sanG in hy ce nh ae nen oe ae A 2 
Redish ale? p20 78) 0 2? 2 een oe een et )()) a 
Red. sand} .ob 22.0008 12 eaten ee ee ee mee OU) gene 
White vshale,’ cu) Ato eee eee pate) on GOK) ont 
Brown shale vc i:tn42 bf) Pace ean cs eect tO a 
Red shialer.t52) oP. d 3a os 0 sted Mais a ei age eet os otimeB LICR 1 ak 


Into P renhone 20s el se in i ee gare cen oe 
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The measured distance to the top of the Trenton was 2,960 feet. The 
drill passed through a part of the Marcellus at the top, Mr. Shaffer estimat- 


ing it at sixty feet. 
near the Corniferous it was not easy to distinguish them apart. 


Owing to the presence of the Stafford limestone so 


Hamlin Wells, American Glucose Works, near Elk street market. 
Two wells were put down here to furnish fuel and lights for the Glucose 
Works. Well No. 1 was bored in 1888 or 1889, near the northeast corner of 
East Market and Perry Streets, James Woodring doing the drilling. The 


written record of the well and a set of samples of drillings have been lost. 


Professor F. W. Barrows had access to the latter in 1890, and has fortunately 


preserved the following memoranda. 
42 feet, Drift. 


At 42 
60 


962 
967 


1,038 


Chocolate-colored limestone. 
White and grey limestone. 
Limestone. 

Grey shale and gypsum (salt water). 
Sandy, with spots of iron. 
Like the preceding. 

Grey slaty lime. 

Harder grey limestone. 

Rusty red sand, chestnut color. 
Same, but lighter color. 

Same, but lighter color. 

Same, but lighter color. 


White sandstone, rusted so as to look red. 


Dark red or brown, fine grains. 

Light grey, rusty patches, traces of oil. 
Like the last, but more rusty. Gas. 
Same, but finer grains. More gas. 


Greenish grey; large grains light-grey and others dark-red, 


all of a shaly appearance. 


Dark brown shale. 


The rust mentioned by Professor Barrows in several samples was 
yi i 


probably caused by chips from the drill oxidizing in the air. 


This well, 


according to Professor Barrows, was 1,050 feet deep. Mr. C. Wesley, of the 


Glucose Co., thought the well was 1,170 feet deep, but had no written record. 


The supply of gas from this boring was very small although the rock-pressure 
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was strong. At the time of my visit in November, 1885, it gave about 
enough gas to supply one or two ordinary gas burners. 

Well No. 2 was drilled in May, 1890, on the east side of Chicago street, 
600 feet from Scott street. No gas was found here and the well was allowed 
to fill up. 


Well at the Buffalo Chemical Works, Abbott road and Elk street, near 
Buffalo creck. (From Mr. 8. V. Fowler, superintendent, and James Wood- 
ring, driller.) In 1880, a well was put down here to a depth of 250 feet 
where a copious supply of water was found sufficient to fill the pipe and 
flow above the surface of the ground. The water, however, was heavily 
charged with sulphuretted hydrogen which unfitted it for use. 

Later, wells were sunk for water at the oil refinery, a quarter of a mile 
up the creek where the Atlas Works now are. The same vein of water was 
reached and used to cool the condensers. Large pumps were used to furnish 
the great quantities necessary, drawing upon the supply so that the water 
ceased to flow at the Chemical Works. The latter well was then deepened 
to 1,032 feet, striking the Medina white sand. Here a small flow of gas was 
obtained, sufficient for the laboratories where it has been used ever since. As 
the Chemical Works were then outside the limits supplied with city gas, the 
natural product was a great convenience and has paid cost in that way. The 
pressure in November, 1885, was forty pounds. This well is located very 
near the southern limit of the Corniferous limestone. Fifty feet of drive-pipe 
were used, resting directly upon the limestone. 


Well at the Snow Steam Pump Works, near Bailey avenue and the 
Western New York and Pennsylvania railroad. (Record from Mr. M. 
McIntyre, driller.) 


Drie a RR oe RS TANT? Ee aerate 

Lamestoné; and! flint, © 72s a PMA 192 feet. 
Limestone and shales, changing in bie 495. « G1 vn 
Chocolate sand (limestone?), . . . .105 “ pee 


Sulphur gas and a strong flow of salt 
water about the middle. Water cased 
off at 700 feet. Shales, dark in color, 
withiiemallshellasw o* ts |) ti. ieee es rh Tie 

Red sand, varying in color from dark red 
to-arvery paleiredieial! ots he Seas S82. % 

Shales and limestones, varying in color, 40 “ 99 
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White sand, with gas, similar to the 


white Medina, . . Pees Tp etest: 937 feet. 
Shales, white and red, soft: aduilliiig DRO OSES Se gaeke 
White Medina sand, with gas, . . . . 20 “ TL OOvaina: 
Red shale to bottom, . . . INS 1025-0 ¢ 


Above record from the original oe at the time of drilling. 


A well was also sunk at the Atlas Works, about midway between the 
last well and the Buffalo Chemical Works. No record of this was obtain- 
able; but Mr. McIntyre informs me that the rocks passed through by the 
drill were almost identical with those at the Snow Pump factory, so that one 
record would answer for both. 

There is also a well on Grey near High street, of which no record was 
obtained. The geologic conditions are said to be nearly the same as in the 
Sherman-North well. 


The Schiisler Brewing Co., corner Emslie and Clinton streets, have a 
well 1,100 feet deep. At first enough gas was obtained to light the brewery, 
but it has now ceased to flow. The gas horizon here was 200 feet from the 
surface. Very little gas was found in the Medina. 


Other Wells Outside the City of Buffalo. 
Well No. 2, at Depew. (J. W. Stearns, driller.) 


i) ad ame Uy ee te a Can 0) bas | ay a ae oom inate pn OAR LOOT 
Corniferous, water-lime and Salina shales, Bro eas 
Nieto en eee Mere Wh ests, 45 eit ayn he apis gee OOuy 
eee ER OT WR en ae 1 cr cP 6 0 
ee OM War TP Te fis) by ele “ae od acer etl ss Bale COO? AS 
Red Medina, . . . Me eae bis Mle Aton ae eo OR RE 
White Medina (no Bay) ee Week mame en oie ty Letom 
Te Came Alert boOU LeCt sch asa at sobs vi dl 16425 
Oswerorsand, 66%... plage ©. bebe TOL We 
Shale to top of Trenton at 9,855 feet, tills Seg a te 
sl itanetmbrenionrat-o.0 (o-teety 6) Soo ae T2046 
Dark grey sandstone to 3,685, Wier em Mere a ed Lira 


Some gas was found at about 1,700 feet, and a little salt water in the 
lowest sandstone. Well No. 1 was bored about 200 yards east of No. 2, and 
had essentially the same record down to, and through the white Medina. 
Both wells were started upon the Corniferous limestone, about one and one 
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half miles from the southern limit of the outcrop. Pressure in No. 2 is 
said to be 620 pounds per square inch. A company is now being formed to 
pipe the gas through the village of Depew. 


Alden Wells. Five wells have been sunk here, four of which are started 
upon the upper part of the Marcellus shale near its junction with the 
Hamilton, and the other a little farther south upon the Hamilton shale. A 
pocket of gas was found in one well sufficiently strong to lift the tools from 
the well. Mr. J. W. Stearns thinks this was above the Corniferous lime- 
stone. The largest supply was found in the Medina. About 100 houses 
are supplied with fuel from these wells and at present there is no appre- 
ciable diminution in the pressure. The following data regarding one well 
were furnished by Mr. Best, who has charge of gas distribution at Alden: 


Sor PO eS ee ee te ee 
Slate (casing),~ 4° 0. a 2 or ee 
Tép-of Medina io LN aa eee 
Medimay) si), /.9. eg DAR a 
Poeket; Aiea tne es CA seh dE pee OL YES 


Well drilled to 1,300 feet. 
The top of this well is about thirty feet below the level of the railroad 


station. 


Lancaster Wells, A well was sunk a few years ago on the left bank of 
Cayuga creek, where it begins to widen to form lake Como. Mr. James 
Payne informs me that the drill stopped in red shale at 1,350 feet. No gas 
of any consequence was found. Another boring, said to be about 300 feet 
deep, was made on the Lawson road about a mile south of the Como well. 
A little gas was reported-here, but I have not been able to verify the report. 
A well was also drilled on the Borden road about eighty rods south of the 
Buffalo and Lancaster electric railroad. Mr. James Woodring, who bored the 
well, informs me that the well was 1,200 feet deep. The white Medina was 
here but four feet thick and no gas was found. These wells are located a 
little above the Stafford limestone of the Marcellus. 


Well at Gardenville. July 1885.* 


Marcellus shale, ja. 2:8 2 ee ee erect, 
Limestones (Corniferous and water-lme), . . . . 205 “ 
Salina sshales' to Niagara,......< uodje) Eee ee a OOS 


* See Report State Geologist, 1885. 
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A full record of this well was not obtained, the drill having penetrated 
only about fifty feet into the Niagara at the time of my visit. Some gas was 
found on the top of the Niagara, enough for one or two stoves, and brine 
in a few feet of shale a short distance above. 


Hather Baker's Well, West Seneca. This is located in the village of 
West Seneca, 175 yards east of the present terminus of the electric railway. 
Mr. Woodring, who drilled ‘the well, informs me that it was completed in 
February, 1891. It was cased to 900 feet and was 1,133 feet deep when 
finished. A thirty-quart shot of nitro-glycerine was exploded in the gas 
sand, and the pressure immediately ran up to 400 pounds in thirteen minutes, 
with a maximum rock pressure of 600 pounds. The Rev. Mr. Baker informs 
me that the pressure is now 375 pounds, while he is using it. The gas sup- 
ples the church and school buildings, saving $3,000 a year in fuel, and also 
furnishes fifty families with heat and light. 


The Feed Well, located one hundred yards further east, is also a good 


well, the owner claiming 600 pounds rock pressure. 


Well on Bi B. Northrup’s Farm, Spring Brook. (Completed December 
17, 1893.)* 


Dae nip e amarante 0... + heh palo Ue pen 4 80: feet. 
Casinos Be mina N Rew RE re sh ts sala lun ua Lean 
Bilin tne ay Rn se te hyde ate point? 
Through hard tee CRIN Se A era rh te ROO. Bee 
OMI Choe amine Miter te Nk Rye eg ome OBOE 
plopmc GeNaveraar ae ye pe we ROBB: 
Si ee te a Oe 1 90G0 A 
UE USD UP FEIT TOS ee a Oy 
NIGNCR ACME MET wit” YO tn nk cas Sela yo Nh LOD G8 
RCM ee ee eg EO YT OBO gt 
Shey G0 aN, ey ee eae ance erat ee Sm PNR 02 Sea 
Pe RECA tec sca ope Gyeit nte eh, pute SOO. 
POU e meen NO PL. ee ee ee ek) ped AOS 
Bottom onwoly eos ks ene en ta he ROR ay 
Well on Elbert More farm, Spring Brook, (E&. WH. Argue, driller.) 
Sollee pe eeme i  r e SU ARRE see Mn Mig al Peter te 
oe ROE ee Me oe eau Rua ae ne Meee 172, Ae 
CC Bett) ee Ma Tels By 5. 1d RP gee rte oth ae PLL et 


* Records marked with an asterisk were furnished by the South Buffalo Natural Gas Co. 
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Shale’ to flint, 3) 2772S Se Pe eee ee ees 
Through fflint,iy/ 2). 55,2 ea 
Niagara limestoness- 9.5 Si ene ee eee hy, ins eves poise 
Sulphur gas, 5. 29). 5 “VR a eee et 
Sulphur. water; |... 2 | 2k b= See ees Onin 
Shale, (sixty: feet) oo a-ak scaueeuect Roe eee, le ro 
Clintons ae OM RL tact 6 EEA tap 
Top of Medina 0, se Sapbalh sa a6 Tplg Eee ara ich ceases 
Gas ‘sand, %.. § Gi. + aki ot eee Ee ee oO 
Gasisandis a. sinner doops, Ge LAS eget eee, Ve" 
Bottom of gas sand (w ae eS hie, Gi eee Lees 
Red rock \(800 feet) -.) 5. Seas eh ee eee ma 
Black shale, 900 feet, to Trenton, =... 4 : « 7.3, 1000" 


Well in WHighteen-Mile creek, near Idlewood. (Record by Michael 
McIntyre, driller.) Well started on the Hamilton shales, near the Encrinal 


limestone. 
Fresh water, ..) 9°20. 32 20 ea eet neo een: 
Cased ‘out, >. eee ee 
Gormiferous limestone, .) <0) a eevee ee set ne 
Bottom: of -Corniferous,) 224 ae) ae: A eee ears oe 
Shale and hmestone: .. 40 24 en ws SY eee toma 
Salt water and someé gas) “.c. . 90.) eee 
Cased Offtse oi, ° Cat a ee On a on Nee eee a” 
Shale and limestone, . . . RE 2 pe bomen 
Small showing of gas (in Cia Shots cecal OOH 
Red; Meédinas 50 .b* paseo Pern ee Ph) eee aa Osiehemre 20” 2S 
W hite: Medinas cick 2 coeeieki ea teed meee Pt 8 


The showing of gas was so small that the well was not torpedoed. 
Mr. McIntyre is of the opinion that a shot of nitro-glycerine would have 
made this well a fair producer. At present it furnishes about enough gas 
for a grate. 


Well on William J. Heiser farm, Woodlawn Beach, Hamburg town- 
ship. (From Mr. Philip Lerue, contractor and driller, Titusville, Pa.) 
Soils nipee! 0p ae* ee Ori? iene mar ie bee 7 feet. 
Mareellus: shales ic. sel ca) See ee ee 
Lime and flint, ‘very, hardy)> “7% 02 (cies aes eee uae 


gas. 
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Slate and shells to 825 feet, . 
Here got the “sulphur sand,” 


With quite a flow of gas and some salt water. 


From 733 to 1,000 feet, soft rock, . 
Red Medina at 1,000 feet, 


365 
653 feet 
80 “ 
26a 
AKG ee 


Struck gas sand at 1,153. Gas sand seventeen feet thick, with very little 
Total depth of well, 1.296 feet. Stopped in red shale. 


Well on John M. se farm, West Seneca township. 


driller. Completed, June 2, 1894. *) 


Drive pipe, . 

Casing, 

Flint, . 

Through flint, . 
Niagara, 

Sulphur gas, 

Water and gas, 
Through water and gas, 
Slate, 

Clinton, 

Medina sand, Bal 
Through Medina sand, 
Gas sand, 

Through gas Beet 
Pocket, 


Well on Carl Saitz farm, West Seneca township. 
1894. 


Good well.)* 

To flint, 

Through flint, 

Top of Niagara, 
Bottom of Niagara, 
Top of Clinton, 
Bottom of Clinton, 
Gas sand, 

Thiongh a gas a 
Drilled, 


to 


(W. H. Curtis. 


26 feet. 
Bees 
Riley 
BOO ss 
SOO 

O20 ¢ if 
1,060 « 
1,132 « 
L200.058 
1,223 “ 
1,308 « 
1,826 “ 
1,337 « 
1,413 “ 


(Completed August, 


366 feet. 

Ney 

Oi eee 
G2 Tee 
242% 
1,264 « 
1,360 
1,375 “ 
AD Hare 
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Well on John J. Clarris farm, West Seneca township. (Drilled by H. 
W. Curtis; completed December 2, 1893.)*. 
Drive pipe) Se Ser eee AP 18 feet. 
Casings oi esr. 2 el Sah ee 2 OA cee 
Flint, h.cc.0) occ. rae eh eee On te 
Through flint? 4 eo A epee: ee Bk ee 
Niagara,!s)72, lsretot dc, Ae tec ene 
Sulphurigas. fs) ate ke oy Sree eee a Os |e 
As little waters. Yas). | 0.2 ae eee Ser obo: + 
Morefwater,. io) ceo at eed oe el eee 
Through’ Niagara. (> (05) 5) fe aes eee ee 
Clintons lah oe a a SR ager ame ge 
Medina,” 298052") 5 2) OI et ee i mater 
Throtigh Medina; 7.) trae ae ec, eee 
Gas sandy ja Alas ON ee es ee 
Through.gas isand,! 90. Ge oe ee ee te ee 
Bottom-of well \ik =. aoe eee, oy, ee oom: 


Well on Anthony Solly farm, West Seneca township. (Drilled by H. 
W. Curtis; completed September 19, 1894. Well dry.)* 

Drive pipe, sepa ee eee ee 18 feet. , 
Casings a ph.) cS ahead ed Oe nore ei Oe 
Hint, tif sas 5a ane eR eee ae a 
Through, flint, she. aloe ee eee eae 
Nag aras (31 oo yt Ce sone ee er “Se Nile tsa 
Sulphate: ah, 66s Ware at peee ec ereeaee ices Reese) 
Watery 2.2) aire tre eae ne, oa emer RECT) » et 
Lhrodgh sweater ta aonanet tiaced) heme eae Biches Ps 
CUB COR Seo emirate ates aie 0 i nana eam na tC). Ey 
Moedingin ys. a) Sagi os ae Seat he, oem a In Od 
Throteh Medina, > ayer sig aa ee ee mes aus 


Gras SADC) nyc Aah Pegs eA Sete: Boa ie SL ns 
Through cas sand! ..- 0) 95 myo. cee Se ak Pacey 


Well on J. A. Timmerman farm, West Seneca township. (Stearns & 
Leopold, drillers; completed April, 1894. “ Dry hole.”)* 
Drive: pipe, ci see Den alle On eee io ek ie cae 
Casings 5 ek ie ys 0a, ah ae ea a 


Hard mocks) inns 4; ai F lel tan ee ee 
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Niagara, 

Water and gas, . 
Slate, 

Clinton, 

Medina sand, . 
Some gas, . 

Slate, 

Gas sand, 

Bottom of gas sand, 
Bottom of well, . 


Well on John Schmalz farm, 

August 17, 1894; “Dry hole.”)* 

Drive pipe, 

Casing, . 

Flint, 

Through flint, 

Niagara, 

Water, . 

Through water, . 

Clinton, 

Medina, 

Gas-sand, =o". 4 

Through gas sand, . 

Gas sand, 


Through gas sand, 


Well on the John Sax farm, West Seneca township. 


& Leopold.)* 
° Drive pipe, 

Casing, . 
Top of flint, . 
Through flint, 
Top of Niagara, 
Salt water and some gas, . 
Top of slate, . 
Top of Clinton, . 
Top of Medina, . 


at 980 feet. 
« 1,100 % 
1180) 4 
«. 1,950 « 
POT Cay 
Hf, 28 ae 
aes 
“ 1,368 « 
era | 
“ 1,895 « 


West Seneca township. (Completed 
50 feet. 
ee LS aux 
ny i Nate kame 
(73 35 O “ 
6c 740 “ 
«gig & 
“ 990 cc 


“1073 « 
«1,095 « 
“1155 « 
“ 1180 « 
“ 1186 « 
“1900 « 


(Drilled by Stearns 


17 feet. 
1030 & 


at. rsa 


6“ 365 “c 


“ goo « 
“ 910 « 
“« 995 « 
“ 1063 « 
“ 1090 « 
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Top:of ‘gas sand,: 0.0 fs...) yas. | tol eget 
Bottom, of gas sands. "5. ia) set) a cee 2) cee ne Gn 
Bottom ot well... 0 Rng) A eee a Ei mces 


Nagle Well, West Seneca township. (Sunk January, 1895.)* 
To ‘top of flint.) =). es ce en 2 ee 
«< bottom “of flint, = ):>.°" Spee ope aa eee mT et eos 
“top ‘ol Niagara, = <2. cs a eee 
« “bottom-ot -Niagara,. ©. °5it re sek anton |e eee 
“top of Clinton; 2 ay 298: ae aa) ee 


“ -bottomvot ‘Clinton; <4... satan sree eee oe 
“-top-of ‘Medina, 2... 24 ee i ee sae eee os 
“- bottom’ of: Medina," 7 20\.) Geet se Manet eee ms 
« top of gas. sand, \ i. 420 awe tok teenie | ae ere ee 
« “bottom of ‘gas sand, .° 410.) ea Jae eae 


Total ‘depth of well 15 net Er wens! cu eee 


Well on Herman Metzler farm, West Seneca township. (Completed 
about September 10, 1894. A good well.)* 


To topof flint, Auer. pes) Gy icgee eee eee SUT Teens 
“ bottom Of finite ets 0s ees rn oe me 

«. top of Niaparaye i) 2 “eae © ie: es) oon ees 

¢~ bottom‘of-Niacara,. Gils ie Wena eee ee © ON 
“top of Clintonyc. 5.5) Gu epihen ace oe ha nee in 
“top of red. Medina, ©) jx 5. ch 2) Ai ee aes 
“bottom of redYMedina, 27. sian. eee 
Shale to:top of gas sand, 590" 2 Alan ree ate o 7s 9) 
To bottom of-cassandi|. ove te): ar wa mele Dot! 
Depthsoriwells cer mised share eta) lip te Eee ted Ua 8 


Well on Anthony Groell farm, West Seneca township. (Drilled 
September to October, 1893, by Stearns & Leopold; completed October 33, 


1893.)* 
Drivespipes as a0 se Gc 5. ae ae ee ie coats 
Casings 3-9 2 Sissy ek Sgt Yn ence are ag 
Pint, boc Wis eA a a oe SO es 
Through :flintis 5, "257 22 a acdc ie setae ema mea ia 
Topof Niagara“ * ts wa eg ree ac ete Mon a en 
Sulphur, gas, cies grad. =e AOS eee ee ee 


Through: Niagara, ... 4-4 een ed ee 
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Dlatewo Clinvomeesyeyen suey censors Sabo 1,070) feat. 
Medina, panne tere et aes Ee ede a LS LODS 
Gasisanldre, yar ePenenmen Pe eo oe oe NOR ut 
Phroviotacssrsamdemnnee Tbs Te ten HE 208K, & 
BGteon moneelinemaned Pent te atts mre ein M209 


Well on George L[eeichert farm, West Seneca township. (UH. W. Curtis, 
driller; completed January, 1894.)* 
TDG [Lg Sai Ra eae Se Sale a ar 18 feet. 
Saree te WR la at fo. L110" 2 
Bir See et eet tn tam at 995° 
eo NMED: eae ae nee Re Naty fo at 8 BOO 
I PEREG TER gl 0k 2 Mita Chm vai am ea SD Ata logne 
UWE ase e eect tte nips a, ae OOO.” 
sPhroug@hesulpMur easy 4 ois 0. iea te Bd yn Sree OGO -{ 
Clintom wettest gk cr ee a A) 4 Na 
Rice ee neta em ow Le ke td Vee PEO | 
RO umd rasan! EES LAG estos wp see DOR 
STERN SEINE oS gre Re nl nn cere a pesnal 970A Dae 
AR De geri recsne  Dmlaky ss Oo ike O20. iM 
POLHOMs Olea ll seree tame 1.” sini 3 Set et Sh 


Well on Henry Hisenhart farm, West Seneca township. (Completed 
February, 1895. Production in twenty-four hours, 800,000 feet).* 
PeickMessiOl Op Sande ays we ts 2 SO Meet: 
ihickness oubotbomusandes, . yo p88. Feta 8 pidaesxté 
ines OnepOCKGtra tk. ka “0 Beas Sh et BO nas 
WAS ayn, GUEST CUS Cesar CON na os Or oa er ree aS toi 


Roth Homestead Well. No. 1. Reserve. (Thomas Argue, driller.)* 
Drilled to 1,221 feet June, 1894. 


Well No. 6 on Shoop farm. (Drilled by H. W. Curtis.)* 
Teta SiN in eh i es WER a 46 feet. 
CANE eS Ah Peto ol. a ig Dnt aR Ueda ut TO yall 
oreo meormelacnra os aes eee yee at 8 
Ctr Cte MET ek NS me Sepa 3, Geer et OW LO ED 
Meditimmerneer ern ot AL NT, a ee mat.) POZO 0 
ERE yey bee ol AM Mn MN MO See es ALP le) aug 
SRN OMt ee aeae ho.) ecoty | he. Whee Ss eae LOO WE 
WSGTRO UOTE ONLE it kk ce Seiinv'a Rios Mame ge cee 209 BOE 
24 


370 
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John Loth Homestead farm, Feserve, Well No. 1. (W. H. Curtis, 
driller. )* 

Drive pipe, 56 feet, Drift, . 56 feet. 
Casing, 140 “ Shale, 140 « 
Niagara limestone, . . at 750 “ Cornif. and Salina, 554 
Through Niagaralimestone “ 980 “ Niagara, . 230.-* 
Shales to Clinton, ‘1052 Shales, (2 
Medina, : 1,072 Clinton, 8 am 
Through Medina, 1,160 Medina, Boe 
Gas sand, . . to 1,168 “ White Medina, i 
Bottom, 1,181 “ Red shale (2), . is 


Well No.2 on W.S. Roth farm. (October 
Top of gas sand, 


1,181 feet. 


* 1894; Thomas Argue, driller.)* 
. 1,205 feet. 


Bottom of gas sand, ater 
Pocket, . vf Mets 
Total depth, . 1,287 feet. 
Well No. 4 on the Will Roth farm, near Reserve. (H. W. Curtis, 
driller. Struck gas October 15, 1889.)* 
Drive pipe, : 58 feet. 
Casing, . 134 « 
Flint, Sivmetoa-) i“ 
Flint, OL tee = * 
Niagara, EN ae Oia 
Through Niagara, ; EAL98b | if 
Slate, 70 feet to Clinton, . : ; toe Ona. 
Medina, abe 1.079 ~ 4 
A little gas, LOOT pass 
Through Medina, ag ae: ae 
Gas sand, ». sero Oe ae 
Through gas sand, . Ler ot se 
Bottom of hole, pa greats 


Schudt Well, Reserve, West Seneca tor 

1894, by R. W. Argue. 
Top of flint, 

Bottom of flint, 


vnaship. 


(Drilled in October, 


200,000 cubic feet per day.)* 


at 232 feet. 
“-» 390 « 
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Dopiory Clinton eae! eta oe 1-2 cy ob 1,100 get: 
Lop ot: Medina yameaermee Mee? cite caste ecb or ae 
Bottonitot, Medinanmmieemn, fo Se See El Ae 
Shalertetoprol casisanGe 9. ae ee 
Decors eye) ONE VORA oT TRIGA | Pera ea paars ae ce aaa Pogo ot oe 
GC creme MEL 4. on. ek ta GCOnne 


TRSLa! GIST NIUS co. 5 Carl Site 2) 


Schneider Well, on Lot 175, West Seneca township, near Hbenezer.* 


Miomocrorettumm lo. St Pe tee ys 3 240 feet. 
SERCO LLOMOLG Ln Gat in au IR one es fo AO 
SeCOMEO ES NIaCara yest, 8s sme abo Mechs Monn. (4.7 SOO 
PP OOUOMAOIMNIAO ATA, 11S Xs. Betty, 2. tes tse L040"! 
SMRCOV Ol OME I Pr %.0/0),) SN eV Ri Bes Oe Leeda ton bE 2Oe 
EPCOP Ole MCG iMate net cob, opt xe Aa Son pau tel tees ek, be 0. 
PAP OM OMIOLN NI COMA seat. 22, Soe. va she aap: tata all Oe 
BERUOP LOM OOSISANC ci Phe 206 Ald ais Diet tot Mey aac Mine eye oo- 
SRO CLONER CAG SADC So. coi Sr ha este soit al DAL 
TOON Clg Sh ° 9 RSI ir erga cere ts 0a 


Goodker Well No. 1. (Drilled November, 1894.)* 
BO er pases alt eee. at etn son OG BOs  TeOb, 
SOLUTE ONC AS CAN aye ee tie) eal | ce oh vey te bak aE MO 
Pocket, Fe Sty hee hee oe, me eee OR ero 44 « 
AMOS OS OWI SO) ees a ee aE Ss Meee Od A Sere 


Schraub Well. (November, 1894.)* 


(oMeMteoaspeAld tn keene cn os vs Go -«! a+ os, fab. LAD eteet. 
ORUOUMOL OAS BANC Ge Met verte: cas tc» at, Me Fh 60R) 
Leo emer eentemys, rahe Ne AIO rik gS tte Ae oS Goo 
Grier mreenoL namie eRe og tne oe cad oo We) ee eee eh OO) 


William Shaefer Well No. 1, West Seneca township. (Drilled April, 


1894.)* 
EL Oto protean ees malt cs a Loree ide des teat, 
ae, DOMOMILOMcan(ay fos Tte. lias neo ee Mie ete oOo 
OC ICG 6 ime meena try uno tcig.s utes oS 5 Wee tee ays Suse) Mee 335,48 


Depthgotawel awe. Geeta. 4 ate. ee it ee I OO 
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Well No. 2, Robert Ewald farm, Ebenezer, West Seneca township. 
(Completed May, 1894; 150,000 cubic feet in twenty-four hours. )* 


To top of sand, 

‘ bottom of sand, . 
Pocket, . 
Depth of well, 


. 1,206 feet. 
poh Oop yeas 
SA kes: 


:. 12438554 


Hart Well, Seneca plank road, East Hamburg township. (Record 


from Mr. G. C. Shaffer.) 
Soil, . 
Shale, 
Flint, 
Limestone (?), 
Slate, 
Red Medina, 


Gas sand, 


Hart Well No. 5. (Completed July 1894.)* 
To top of first sand, 
To bottom of first sand, 
Pocket, 
Depth of well, 


20 feet. 
465 “ 
GOs =* 
635, “ 

Sirs, = 

SO cans 

oi * 


. 1,384 feet. 


. 1,400. « 
oe Lat: 
. 1,414 « 


Hampton Well, one and one-half miles east of the Hart Well, towards 
Spring Brook, on the Plank road. (Record from Mr. G. C. Shaffer.)* 


Soil-and quicksand, 
Shale, 

Flint, 

Limestone (?), 
Shale, 

Red Medina, 


Gas sand, 


McCarthy Well No. 4, Hast Hamburg township. 


1894.)* 
To top of sand, 
To bottom of sand, 
Pocket, Aer Ba ae Re 
Depth of well, 


50 feet. 
AnD" § 
Poo. © 
Goo. f° 

60 « 

Olle 35 

SU 


(Completed June, 


. 1,320 feet. 
. 3832 


54 “ 


. 1880-9 
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Berg Well, Kast Hamburg township. (Completed December, 1894. 
1,300,000 cubie feet per diem.)* 
Hop owmred: sandameeetee se at) 13804: feet, 
Bottompot redvsand) 425"... pote Winns 2, arte Ie se 
Shale 34 feet to top of white La. 2) et em eae oN G3! oat 
BOtOnMOEEWMICG SANG, © -. 2) y.ne de. ef np este | ake 
Pocket, ES ye A a ie aa nk Ay, <i 
UN QUEE CLOTS GLAM oni hoy, Me 9 et kt C0 a a Os FS 


Shorr Well, East Hamburg township, one-half mile west of Websters 
Corners... (A. “dry hole.”)* 


To top of gas sand rena? to peaeriemes creer. ADO feat, 
5S y] 
Cepaio mech Cas suntmen ey NA Go vkeuedotts sh avon byheo ° 


epumy ice meme mre Neen ph ete AT BS 


Well on Miles P. Briggs farm, Duell's Corners, Hast Hamburg town- 
ship. (Completed April 15, 1894; Thomas Argue, driller. “A rank 
duster.”)* 

iain eel racic ak bie poe. wore yeahs A GOU feet, 
Top of Medina, Mtn. Peas Ne ies Fear dR s- 
i itkowe ney Ciuc rae Se we ek, ORS OS 


OMT Ohio Haren im amtemreem a hr see ast pee As CARO 
Bottom of'gas sand and well, . . . . .). rel Of oee 


Well on F. Boldt farm, Kast Hamburg township. (Completed April, 
1894; H. W. Curtis, driller.)* 
UCI CaD EG cietrava owe oe peat a te AS PS a Ry 13 feet. 


Ae aoa See rey aaah te Pe Tyee A a he LOO WY 
Ly AMPA see eM eae OS eS at 349" “ 
SENPOR 2A Uh Re caer eae, SO Se BE Ra pAU eet: 
BeNOR EL ON PP a ge “995. « 


RE A ee oy On oe eee Peel. 05 Dyan 
Uhwome eweterer) Melee neo 8) Be ELL gel b8OL Wis 
DlavenuorrOp Om WINTON, Nyku ws) or) isthe ee ODA Oiene 


Rede Micgin weaning Pars rm. ore pee Er De es 
Bales re at ei Meo al lin cose Ganev teies ate A Fab Soul wet 
Gras ATi ae Mat acids) hdue’'s s ucznt> oa e600 
AP tuarayu ted ESET NSE)” IN a aCe: See ae cae ae LOT ACER getL 


BGtiO eu elite S18 pints ee uae Sorel ON Gite 
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Well on Kleis Farm, near Windom, Hamburg township. (Myr. Mook, 
driller; sunk in August, 1895. Well gives about 75,000 cubic feet per day.)* 
Soik 3/0 fT Se ee Mra anes 8 cot ee mr ete 
Shales er Soe ae on OE Se ae eas Re ei 
Flint,\"e8 "0 a ota cs eee the ane oO 


Limestones and shale to Niagara (?),. . . . . .-.640 “ 
Nidvara:(2),) os) SEAR eS fase ates cna ee eee Af Ta 
Clinton, . ri ae te 


Red Medtna gos scseas) oy) ic eigen ee oie eS CB 
Shalle;® > Sal le wen ein’ OSS Saaye dhe suai ey, aces ene rise 
W hitessand' fens 2-2 Le SS oe 
W. P. Roth, Well No. 1, Lot 298, West Seneca township. (H. W. 
Curtis, driller; completed October 15, 1892. Gas found at 1,079 feet.)* 


Capi erinl <5) ac Tot epeege ean teen ol i der ih Woes Ot Seeae ne OE oe 
Flint, . Pee ieee |e eee ain of UR ea ae atte SESO ae 
Through tint: 1s2tei Ae tO Se Ct rhe cath hag een ae 
Niagara, cs02 4 Rae ae een et rere DOD! At 


Through Niagara, ¢<3.25. oh, atte eee ho MBI BG: reise 
Shale -70°teét ‘tor Clinton. -- ave ea es cen See Dene 
Red Medina, Joo SORE eee | gecesi Ane) oo era eeeRarea th ay polamnes 
Wihite’ Medina: \.es: miirciee 4 sr cleat i on Bate Cer ane: a 
Through white Medina joa ce aaa eres os ics a 
Botéom, atts. babs se eeeien eee eee eee ga eametice. 


Diehl Well, Lot 323, West Seneca township.* 
Red Medina, Si vgie gh Taig he ey ee eAOLE LG. Lee. 


Gaia sande: Bre le c,-ite ets Lane 2 oer eg ee J 1S iad 
Through-wassandsevous * Gons.cet een eee OC ee 
Pocket, Fgh UY cap SPE > SNS ve by peace Re a as ee 


J. H. Bassett Well, Lot 31, Kast Hamburg township, near Windom. 
(Completed March 28, 1895.)* 
Red Medina, Be 5 18 ol a es oe ee at 1,265 feet. 
W hite Medina’ 20. nee ee ee aes & 1,348. of 
Throughi white Medina, . 3s; Pe) suey ees 6 SOE as 


John Ertel Well, Lot 468, Hast Hamburg township. (Completed March 
24°1895.)* 
Red Medina, Re ea nec CL Cd Oe Es 
White Medina, Reed at ar tm) hatte hhooe A Tee aaist 
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Through white Medina, Bere eat eyo k) Searetr ee ba famet, 
Bottom of well, mepmmmrmrrre E  is Nor ee am aT 
Pocket, age rameters DRT ch PG. Cs Sipe e 
Titus Well, Windom, (Drilled August 28 to October 21, 1895.)* 
W clic mmrmr ero Ene in a Pata. (es. 114 feet 
ANG Gerri oy ey eo ae LOeat 
Nie ee Mr Ie hl Tei a ed Soe Dts 
Saville Well. 
ee merece tee te a fe) on a ge ya. “1502 feet, 
ROG KOE inn terete tg er eh URS ie go Use 
RDA Taide oh 0 el he ie chee pa Ly 


Bedford Well. (Drilled October 17 to December 3, 1895. 260,000 
cubic feet per day.)* 


Vi oUbaee, ee emeearee rete 0 205) Ea” FORME ISO Leet. 
LEO oS) ik Pe hn 8 sal he Ms RS SO aie SSs4 
Top sand, AAs te EL a Mae nk eae eae OP 


Beaver Well, Ebenezer. (1,208 feet deep; good well.)* 

trast Aurora village. A well was drilled here between May and 
October, 1898, to the depth of 1,800 feet. It is located near the railroad 
tracks about 200 yards south of Main street. A very little gas was found, 
and also brine which produced, upon evaporation, twenty per cent. of salt. 
The depth at which they were struck was not ascertained. 

About two miles southwest of East Aurora, on Cazenovia creek, a well 


was sunk in the eighties, of which the following is a partial record : + 


Shales (Lower Portage Hamilton and Marcellus), . 695 feet. 
Corniferous limestone (and water-lime?), . . . . 165 “ 
From the above limestones to salt, =. . . . . . 606° “ 


Saturated brine was found at 1,465. feet, filling the well and running 
over the top. The stratum in which the brine occurs was reported to be 
seventy feet thick. No attempt was made to utilize the brine, and the well 
is now abandoned. At one time considerable gas is said to have escaped 
from this boring, but at the time of my visit, in August, 1895, the amount 
would barely support one ordinary gas jet. Surface gas in quantities suff- 
cient to burn, bubbles up from crevices in the bed of the creek in several 
places near by, and I suppose that the gas found in the well was from the 
same source, the black shales of the Portage group. 


+ See Report State Geologist (N. Y.), 1885. 
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Half a mile further up the same creek a well was drilled for oil, about 
the year 1875. No record of ‘this is preserved, but it is reported that gas 
was found at 900 feet, with sufficient pressure to throw water over the top 
of the derrick. 

Well at Pipe Creek, near West Falls. This well was put down in 
1865, to the depth of about 1,000 feet. Mr, A. L. Henshaw, who furnished 
me these facts, says that the pressure at first was sixty pounds. The 
well is now full of water from which the gas bubbles up vigorously, furnish- 
ing about a cubic foot a minute. Another shallower well was bored a little 
further up the creek, but struck no gas. Surface gas escapes from fissures 
in the bed of the creek in several places. One crack furnishes enough for 


four or five gas-burners. 


The Colden Well. (Record by Mr. A. H. Hayes.) This well is located 
one-fourth mile south of the village, on the west side of the creek. It was 
put down by a stock company of which Mr. Hayes was an officer. Gas was 
found at 300 or 400 feet in sufficient quantity, as Mr. Hayes thinks, to supply 
the village with fuel. From the description of the flow, it appears that the 
well must have been a good one, but the gas was allowed to go to waste. 
Here, also, there is much surface gas. A water well fifty feet deep, in the 
village, furnishes enough gas to keep a street-lamp going all the time. 

Another well, on the hill between Colden and Boston, was bored about 
the time the Colden well was sunk. Mr. A. L. Henshaw visited this while 
drilling was in progress and saw the gas burning. From his description I 


should judge the flow was not large. 


Wells at Patchen, Boston township. Two wells are located here, one 
in the village near the creek a short distance south of the bridge, and the 
other some fifty rods further up the creek. Mr. John H. Wait, who worked 
upon the well while it was being drilled, furnishes me the following 
information : 

Well No. 1 was sunk on the Wait farm, to the depth of 762 feet, by a 
company from Oil Creek, Pa., about the year 1860, A strong vein of gas 
was found at 272 feet, which escaped with such force as to stop drilling for 
three days. The pressure is described as sufficient to lift two men seated 
upon the ends of a plank laid across the top of the casing. 

Later on another company, from Oil Creek, leased farms in this vicinity 
and put down well No. 2. At 320 feet they struck gas, but the flow was not 
so strong as in well No 1. At 940 feet they struck a hard rock (the 
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Corniferous ?) which proved so difficult to drill that the well was abandoned 
at 1,000 feet. This well still gives a blaze two or three feet high when 
ignited. Near the old well is a spring which gives off gas all the time. 


Six other gas springs are also reported from the town of Boston. 


The Old Boston Well. This is located on the Henry Jones farm on 
the east side of the creek three or four miles south of Boston Corners. 
Mr. H. N. Drake of Findlay, Ohio, has kindly furnished me the following 
information regarding it : 

“In 1878 or 1879, Mr. Chubbuck and myself took the contract to sink 
the well to the depth of 2,000 feet. For the first 1,000 feet the rock was 
black shale containing some gas. At 1,225 feet we struck a very hard rock 
which we called flint and limestone [Corniferous 7]. At about 1,800 feet 
we got rock-salt about sixty or eighty feet thick, some of which was clear as 
crystal and some dark in color. The rest of the rock was a sort of rotten 
sand. At 2,008 feet we struck a vein of mineral water that colored the tools 
and cable black as ink and had a very disagreeable odor, The depth of the 
hole was 2,140 feet. There was no sign of oil from top to bottom.” 

The record of this well is very interesting for the reason that the 
presence of rock-salt seems to have been discovered here at about the time 
it was found in Wyoming county, a fact not heretofore published. The 
horizon of the Corniferous limestone is distinctly defined, and quite 
probably the water charged with sulphuretted hydrogen was the vein often 
found in the Niagara elsewhere in Erie county. 


Well at Eden Valley. (From Mr. Daniel Schweickhart.) This well is 
located about a mile east of the village and about thirty feet higher than the 
railroad station. The well was sunk by Mr. Schweickhart previous to 
1884, to obtain water for his brewery. The record given from memory at 


the time was as follows: * 


a OMEN a Mey tu, Sale a eh Snag ee oor feet: 
POMOC RR ALRCOC Kee wi 8s 2 ohh et ae wa ee , BOO 
Pe teaeen i Ceres ete a ee ek WL en Goa oo tyg, Ree OUU., un 
POA CEAN CL SAD Cee v a tk sal bi) eae e ool wee. a. 400% 8 
JP EUpOR MRR Oke ie Pel. aya tet eee ea, Ver arcu (OO. 


1,075 « 


This well has since been deepened and furnishes enough gas for his 


5 


house and brewery. 


* See Report State Geologist for 1885 
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Angola Well. (About 670 feet A. T.) This well is located upon the 
farm of Mr. Alvin Eddy, three-quarters of a mile south of Angola on the 
road to Brant Centre. No record of the well is preserved, but Mr. Eddy 
gives me the following facts from memory : 

Struck roek). J.-4 ps 2 4 Pade = ae ee eer 
Limestone (Corntferous?);" = 4. Gay “ee eee UGE 
Through limestone (?), a hard rock here, . . A SOL et 
Well-drilled 23208 92) Riv ae ea OO 

Some gas was found near the bottom of the well. At present the hole 
is full of water and gives very little gas. 

Mr. J. R. Newton of Angola has a well 450 feet deep on his premises. 
It is said to furnish sufficient gas to heat his house. 

Well at Fenton, near Brant. (Drilled in 1890 and 1891.) The original 
record of this well is lost. The following facts are furnished by Mr. Clarence 
M. Fenton, who had charge of the work of drilling the well. 


Soiland quicksand, (260% 00 oy 22 4 OF en ee ea eet, 
Hard-blue roek;4-<%. |2-,.4)- ee Sa eee ee 2007 
Vein of water, ot Gratin) Ce eae SOG) 
Red sand with good flow of gas, . . 2... bet O00 see 
Drilled RORR SS eet, ae ai ge ee: yas to7 1.95255 


The well was torpedoed with 100 quarts of nitro-glycerine and filled with 
packer and two-inch piping. When confined the gas pressure runs up to 
1,000 pounds to the square inch. When blown off, the well furnishes only 
gas enough to fill a three-quarter inch pipe, or about 10,000 feet per day. 
This is used to run the cappers of the Erie County Preserving Co.’s cannery 
at Fenton, and supplies also two or three stoves. At present the well is 
three-fourths full of water heavily charged with salt. 

While drilling was in progress a greasy rock was found at 1,200 feet, 
from which there was a flow of gas sufficient to make a flame two feet above 
the top of the well. At the same time the cable was smeared with a dirty 


mixture of tar and vaseline, smelling of petroleum. 


Wells at Zoar. 
Kelley Well, three-quarters of a mile west of Town line. (Completed 
January 10, 1888; record from Mr. Michael McIntyre, driller.) 
Drive pipe, 60 feet. 
Casing, “o () 2) on sh aS Be eee ee 


Top of Corniferous limestone.) .-. oe ee eee 
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Histrore (greet jinew seer se a shee th aha or] POE feet. 
Second oil (amber), with salt water,. . . . . . 1,760 “ 
LO DOLie il pawn ee So em L825 2 
Kerr Well. (Begun August, 1888; record from M. McIntyre.) 
Drivemotoeceurauc nr Qritt)... ©. ta mo ak ms OLD feet, 
LEPVENT (10) <a lees ane 2, MOOT 
ime CORIO TOUSe. er Bile, Giger ci tee sn E25" 
(Gasmere ss, STEAD in. Socit UA tiles clay ts ie SR So ko) aan 
Depth of eon Fe cae A et eee meme rtd he D1 mais 


This is the largest producing gas aan yet found in the county, and 
probably in the state. Gas was struck on October 27th. There was, at the 
time, in the well, the string of tools sixty-five feet long, together with more 
than 1,800 feet of rope, the whole weighing probably two tons. The escaping 
gas forced everything out of the well and at least 150 feet into the air. The 
drill, in descending, struck upon its end and penetrated the soil to the depth 
of fifteen or twenty feet, bending the stem like a wire. The noise made by 
the gas escaping through a five-inch hole could be distinctly heard at Spring: 
ville, nearly six miles away. It was ten days before the pressure decreased 
enough to permit the resumption of drillmg, and Mr. McIntyre estimates that 
during this time the daily flow could not have been less than twenty-five or 
thirty million cubic feet. The well is now owned by the Buffalo Natural 
Gas Fuel Co., and is known as the “ Freak.” Ordinarily it is held in reserve, 
the pressure gradually rising to about 600 pounds. When an unusual 
amount of gas is needed, this gas is turned on to the line, and the well furnishes 
a million feet a day for a period of two or three weeks. By this time the 
pressure has fallen to about 300 pounds, and the well is shut off and allowed 
to “rest.” In the course of two or three weeks the pressure rises again to 600 
pounds, and the well is re-opened. 

The horizon in which this gas occurs is probably the upper part of the 
water-lime, the rock immediately below the Corniferous limestone. 

Along the northern outcrop of this rock in Erie county, there is a layer, 
locally known as “ bull-head,” which is filled with cavities from the size of a 
pea up to several inches in diameter. This rock also contains cavernous 
seams through which subterranean waters flow and appear at the outcrop in 
copious springs. 

The immense volume of gas from the Kerr well indicates that the gas 
accumulates in a cavity 80 large that it cannot readily empty itself when 


open ed. 
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vichardson Well, near Morton's Corners; Lot 92, Collins township. 
(Begun March 5, 1889; M. McIntyre, driller.) 


Drift, 

Casing, . 

Top of Corniferous, 
Small show of gas, 


Salt water, 


Salt water, chocolate-colored oa 
Through limestone and shale, 


Red Medina, 
Through Medina, 


Limestone and shale to white vite 


Through white Medina, 
Red shale, 
To bottom, 


80 feet. 
435 « 
at 1,925 « 
«9195 « 
“ 9675 « 
“9,785 « 
“9815 « 
“ 9815 « 
“ 9,935 « 
“9.955 « 
« 2990 « 
« 2,990" « 
. 8,803 « 


Well on Monroe Kelley farm, Zoar, one-half mile west of Kerr Well. 
(From Mr. Michael McIntyre.) This well showed the greatest thickness of 
drift known to me in the state, namely, 515 feet. 


White Well, Zoar. (Completed July 2, 1892; record by M. McIntyre ; 


controlled by the Standard.) 
Drive pipe, 
Casing, . . 
Top of Corniferous, 
First gas, 
Second gas, 


Depth of well, 


170 feet. 

460 “ 
Maleooo: 3 
Soka iD 
PeGOo- .< 


_ 1795 « 


White Well, No. 3, is 800 feet east of the Kelley Well. White No. 1 is 
600 feet east of No. 3. White No. 2 is 1,400 feet east of Well No.1. Of 


these No. 1 is the best well. 


White Well, No. 1, Zoar flats. 
Drive pipe, 
Top of Corniferous, 
First gas, 
Second gas, 


Depth of well, 


(Record by Mr. M. McIntyre.) 
140 feet. 
at 1,530 « 
“ 1630 « 
an OOON ae 
sabyie yay eG 


BisHop-—Gerotocy or Erie Counry. 381 


Frye Well, Zoar. (Record by Mr. M. McIntyre; 100,000 cubic feet daily.) 


Dive pipe, aa earenretns ate tal a hae «> «168 Teet. 
Casita mene Mo eo Ler ee oe re 1465) A 
Cormerous = sarmemat es oe hero. tat TON & 
Dei SES! ct Area ia rae OSE 0 7 oe aaa a arth 
Secon memse( Desi): co. KiiPyanipe se ue EAA Palos 5) ats 
TEGE| (0 Sch cas Ti ISS AO a Se Ae a Fly COO) gost 
OCR ner cen ence SA me. vie eet ton. ia 2 GOL) 


White Well, No. 2, Zoar flats. (Record by Mr. M. McIntyre. Top of 
well 20 feet lower than Well No. 1, which is 1,400 feet away.) 


Tice meee SN rece nsec eo Os) yo, “LOD feet, 
CAST Oo ere pot. hie pees ce Sheba es BBD 
apt COE CTOUS aeia te. Peale ets at 1,560 “ 
TNT COCR: ae ie Ae, SC eR pom Go tt 
Mie asa leva eri il pinta Pe. ek Nan teri Pa LOOka Ss 
A MAOE CG tal el PRES Sues Cys oa Ge) ec Cewek: a2 PO OOn ths 


Parkinson Well, top of hill, Zoar. (Record by Mr. M. MelIntyre.) 
This well furnishes about 25,000 cubic feet of gas daily. 


riven ey bats eames ion C r,s feng owe kia) soon feeb, 
Ganinc iat) ere ee men es re ae aa ele ABE fA 
Mopion© orniterous ment mage mietcc he.) S esine, feat by aUr 
SRO WOR eisai alin, yee cst) 60) ek Sever Ue Lares Ue 
IBGEcomeOriiie) (ual tere miner e wr eee  ie e OODT hs 


The last well sunk at Zoar, September—October, 1895, is situated about 
2,000 feet south of the Parkinson well. It had— 


MORO Ue he sar tate i le who serine ela k ee) OO kOOL 
MOKMirCLO Ue Mattes ee eh Taek. tes oS Ab Lady 
Pen meenmr a free coo ena et es ete ee tO 1,802 - 4 


Well on the south side of Cattaraugus creek, opposite Zoar. (Record from 
Mr. M. McIntyre; no gas worth piping.) 
Miri ena Bethe ohMS aM PAA HUNS, TNL i\. axr ik. Ae OO feet, 
sty ieee tng a aut ek es aay, Daifles Mb. Te, VAQO SG 
Opronmernirerodses haity. inlay pete ampere ar ce) aby 1,700. 
HOMO LeOPANOL CAG eke Yrs) Stabe 2. be eps nie oO 8Op, 
ve py lac vip Ve ait ra 5k 0. ee Ol SO eh nl QOQY: 4 


oe 
bo 
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A part of the gas from the Zoar field is piped into Springville, where 
it supplies about 120 families. The company controlling it is called the 
Springville Natural Gas Co., of which the officers are: Dr. Brooks, president ; 
H. Leland, treasurer; F. D. Smith, secretary. There is also a board of 
directors, of which Mr. M. McIntyre is a member. 


The Springville Well. (From Mr. Mook, driller; well contains twenty- 
five feet of rock salt.) 


Blue sandstone and shales, . . . . . . . . . 1,800 feet. 
Limestones, 750. © 
Salty i.c ae tant Sue WR Rad Helin, ae 2 mee ae 
"Well thored rs. eo er See Leese ee ee 


At Gowanda, on the Cattaraugus county side of the creek, a well was 
sunk, in the eighties, by Mr. Silas Vinton, who gave to me the following 


record : 

ASO, OS ele & eas soa ee ce ee 6 feet. 
hale! uo Ae hid yk o> ee ig eo he peat oe eee Ones 
Sand, with ollSand can" 8) ee ee c Saee 
Shale to “second sand,” where more oil and gas 

were Tound,|. Siw i.0 ee ae a = eee oO oe 
Shale-t! Was Bagh ass ae Ree ee ene 
Hard rock (Corniferous and water-lime), . . . . 400 “ 


1,700 feet. 

Mr. Charles S. Howland informs me that this well was deepened in 
February, 1889. The Corniferous limestone was reached at 1,390 feet. 
Drilling was continued to 2,251 feet, where salt water and mud were found 
and the well abandoned. The well, when cleaned of water, gives gas 
enough to fill a two-inch pipe with a light pressure. This well is located 
near the creek, about 200 yards-east of the station. 

Another well was drilled over thirty years ago on the Erie county side 
of the creek within the village limits. Locally it is known as the “Trunk 
Well.” Gas was found at about 860 feet, and the well was drilled about 
forty feet deeper. This furnished gas for a house for several years, but is now 
“filled up with a substance resembling glass and nearly as hard.” 


* Vide Report State Geologist 1885. 


Bishop—Gronocy or Erte County. 383 


Maps. 


The location of gas wells and gas territory is shown upon the general 
map accompanying this report. Where the scale was too small to show 
details accurately, enlargements of the more important districts have been 
given. The map of the South Buffalo field was constructed mainly from data 
furnished by Messrs. E. M. Cobb, President, and C. T. Sloan, Vice-President 
of the South Buffalo Natural Gas Co., who have allowed me the free use of 
their maps and the original records of wells drilled under their direction. In 
this map, wells known to furnish little or no gas are marked (*). Those 
which were being drilled at the time the information was being collected are 
marked (+). Wells marked ({) are either good producing wells now or were 
at some time. The names, location by lot number, and the character of the 
wells are shown on the following table designed to accompany the map. 


Name of Well. Lot. Township. 
Samuel Wass wittas .* a a0 ee. “80. West Seneca... -* 
NC Chea ua eee AMD Gens aah he ys Oe ne g a 
C. Wansperg, . 3, OSPR ea we arene aes £8 oh i if 
SOIL Se ila i eg aa pen a et es 
Sax, opts 174 s a t 
W. Schneider, . 2c MBeamon Uelareie etre lac i t 
ibenezer- Station, aya. os oss. le 189 ae As + 
Solly, 234 rs ee x 
Father Baker, 2838 s : 


Reed, Part 
J. Deppler, No. 3, 
L. Roth, No. 2, 

Susana SCHUGts. wichie ele a Vat 
DVD Ootiia anew eaey i ee 5 Mord. ee B46 e : 


CO 
oS 


Ke) 
CO 


os 
bo 
a 
aS 
~ 
z 


tw bo we bw 
ie) 
os 


Bedford, 359 f: « + 
P. Aubel, Abe Wins hale we att ao . «“ af 
Ou Mm ORON ON, Mie (oy 50's nce ga | (OOO ‘ «“ f 
CreOD ZORA MELYN oc. Wiis iG bee esrb) eH BLO a «“ * 
nog JOA “Ra of) eg ae 3 oe «“ + 
Tobe wate a ks ye lee xo MORO & «“ ¢ 
Pohahmarocnuat bel avi ee ela OO «“ & ¢ 
iT Bet Qlarrin nents (oot. 6.. os yeas OA G «“ ; 
PASCO COM sgh Mrmr RE NTE ce ons ies HOOD “ «“ t 
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Name of Well. 
C. Schudt, 
Herman Metzler, . 
A GNagel it ceesds 
George Reichert, 
H. Grotke, 


J. Timmerman, 


G. Reichert, 
William Schaefer, 
H. Eisenhart, 

J. Fick, ; 
William C. Grotke, 


Blossom, 

Elma Village, . 

Elma Station, 

Springbrook (Albert Tee oy 
B. Root, 

G. Schmalz, 


C. Spaver, 

J. Schwartz, 

Carl Berg, . ; 
Timothy McCarthy, 


Duell’s Corners (M. P. Brees) 


F. Boldt, 
G. Seitz, 


Alfred Moore, 
Bassett, 

W. K. Saville, 
John Johnson, 
Henry J. Hart, 


Lot. 
373 
372 
377 
382 


. 386 


395 
432 
42] 
453 


18 


Township. 


West Seneca. 


tS SH tH tH tt HH tH +H FF 7+ 3+ Tt 


* 2+ 4+ 22 


* t+ 4 4: 


ale 
- 


% 


tt te 34 + H+ 


% tt 44 34 44 


So a 


++ 
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Name of Well. 
Matthias Schorr, . 
B. F. Hampton, 
Adam J. Benzig, . : 
Franklin F. Holmwood, 
Kleis, 
Titus, 
Heiser, 


Lot. 


Township. 


21 East Hamburg. * 


11 


35 
32 
al 


Hamburg. 


“ 


“ 


Wells Outside of Erie County. 


Gras) Grae rae 


The following well records are interesting in connection with the 


preceding : 


Well No. 1, Philip Zavite farm, located on Lot 35, third concession 
from lake Erie, township of Bertie, near the town line of Humberston, 
Ontario, Can. (Record from Mr. E. Coste.) 


Soil, 
Corniferous, to 
Onondaga shale, gypsum 


dolomites (Salina pd.), to 


Guelph and Niagara, 
Niagara shale, 

Clinton limestone, ; 
Medina sand and red shale, 
Gas in white Medina, 


25 feet, 


415 feet, 


415-655 
655-705 
705-735 
735-846 

at 836 


“c 


6c 


7 feet. 


18 


390 

240 

50 

30 

111 

sand, 13 


ve 


ve 


. thick. 


At Point Abino gas was found at 500 and 575 feet below the surface, or 


193 feet below the bottom of the Niagara limestone. 


Well No. 1, Corfu, Genesee county, N. Y.; north of the village. 


Mr. J. W. Stearns.) 
Marcellus shale, 
Corniferous, 
Limestone and shale, 
Niagara limestone, 
Niagara shale, 
Clinton, ; 
*Medina, BOS Oy eee Bee 
Red shale to bottom of well, 


* Notes say ‘‘ white Medina,” 


25 


(From 


30. feet. 


180 
458 
250 


70. 


30 
110 
20 
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Well No. 1 0n the Bradshaw farm, near Coomer P. O., District 13, Lot 36, 


Well begun in red shales of the Medina group. 


Trenton, >. °. -.., at 15435 feet. 

Continued {5° 25 oe". = OA b oF seen eee) GOMiitee ts 
Calciferous sandrock, to 2,125 “ 105s 
Laurentian,” 7) soy Fab 2025 a 

Drilled into Laurentian, Onrne 


Depth'of well, . . . 2,134 feet. 


Well No 2 (drilled January 4, 1892; started on the red Medina. 
from Mr. E. Coste.) 


Drive pipe, TE Se Nd Ae he 
Red Medina, dark Hudson river and Utica 


shalés oho. CF: Wie, IE toreoitiercets 
Trenton; 3S soo ae eon ct oni ine: er ey | 
Galevferous, 4.5: sh lO 80s 3 
Hydromica and dark green schists of the Archean, 

from... 2) 5 3) 1080 BeeOhreee 


No Potsdam sandstone was recognized. This well had a little 


1,912 to 1,918 feet. Cased to 243 feet, and was dry after that. 


to the depth of 216 feet. 


24 feet. 


10 “ 
205a78 
50 “ 


L—ecord of Well at Fulton, N. Y. (Ma. J. W. Stearns, driller.) 
Drift, jie: ) SVs biota aero 43 feet. 
Red. sand, i: scien So ee eee 

(A little gas at 320 and 370 feet.) 
Oswego grey limestone, . . . . . from 690 to 1,070 “ 
Sand and: limestone,’ eye. ee Pal tee oe ee 
Limestone and ishale 2) ec otsue ce om asian VAG A 
Black shale aie 2 eet Seer or G4): 
“LOP.OL L TCRUOU. 7. et ale oe ae el ote a lie Oe 
Gage nt aes ea es CEO Ms cae TCR TMETe Re 
Gas a EO ray ee ee ee ee OO 
Gas Sa es 5S. eee ee Lae WELIe To tee 
Gas, eek oe. Shak A ee ena 
Drilledeiivisaus 4 to 1,935 « 


(Record from Mr. E. Coste.) 


Record 


gas, from 


A well in the village of Canandaigua, N. Y., has fifty-one feet of rock 
salt, according to Mr. James Woodring, of Buffalo, who sunk the well. 


A well was also put down on the Indian Reservation at Versailles, N. Y., 


No gas was found, but good water was obtained. 
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Surface Gas. 


Small quantities of gas escape from crevices in the rocks in many places 
within the county. The most abundant supply comes from the Portage rocks 
in the horizon of the lowest sandstones along a line connecting roughly 
Wales Centre, East Aurora, North Boston and North Collins, and extending | 
eight or ten miles southeasterly. The lower Portage shales also furnish 
supplies from rock crevices and water wells, and the Hamilton and Marcellus 
some from similar sources. 

A few of the points at which gas has been noticed are at Highteen-Mile 
creek, near the lake; between Wales Centre and East Aurora, where the 
town-line road crosses a brook; near Holland ; in Cazenovia creek, between 
East Aurora and Griffin’s Mills; on Pipe creek, near West Falls; in many 
places in the town of Boston; in the ravine between Shirley and North 
Collins and near Lawton’s station. 


Gas Horizons. 


In the wells which have penetrated the Trenton limestone in Erie 
county, no gas has been found. The Bradshaw well, No. 2, in Niagara 
county, however, furnished a little in that rock. The Depew well, No. 2, 
struck a paying streak of gas in the red shale, a little less than 1,700 feet 
below the top of the Corniferous limestone. Nearly all the gas obtained 
within the limits of Erie county comes from the “ white Medina” sandstone, 
although some is found in the higher “red Medina,” and occasionally in the 
Clinton. The gas obtained from these sources is comparatively free from 
sulphur and makes excellent fuel and a fair illuminant. 

The upper part of the Niagara group furnishes a variable amount of gas 
in many of the wells throughout the field. The most characteristic con- 
stituent of this gas is sulphuretted hydrogen (HS), commonly known 
as “sulphur gas.” Water in contact with the gas dissolves out the HLS, 
becoming “sulphur water.” Hence sulphur gas and sulphur water may occur 
either together or separately, and the presence of either in the same formation 
may determine the gas horizon. In ten wells it was found at depths varying 
from 25 to 172 feet below the top of the Niagara, two having it at about 
fifty feet and three at 130 feet. In six wells the average distance was 130 
feet, which may be assumed as the horizon where we would be most likely to 
find it. 

Wells No. 1, No. 2 and No. 3, at the Buffalo Cement Works, struck gas 
at 450 to 460 feet, or about 400 to 410 feet below the Water-lime. Allowing 
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386 feet for the Salina shales, this gas horizon would be fourteen to twenty- 
four feet below the top of the Niagara. Getzville well No. 17 struck some gas 
at 265 feet, which was unquestionably in the Salina shales; but the greater 
part was found at 474-481 feet. The record indicates Niagara at 361 feet 
or 292 feet from the surface of bed rock. The gas horizon was 113 feet 
lower and was undoubtedly in the Niagara. 

In connection with this it is interesting to examine the record of the 
Boston well. Rock-salt was found here 575 feet below the top of the 
Corniferous or a probable distance of 407 feet below the water-lime. At 
783 feet below the top of the Corniferous, or 615 feet below the water-lime, a 
vein of water was found, evidently sulphur water, which was very offensive 
and colored the drill and cables black. As the Salina shales are thickest 
in the trough containing the deposit of rock-salt, it is apparent that the 
drill in this well had penetrated some distance into the Niagara lime- 
stone. The Corniferous limestone and water-lime appear to act as the 
reservoir for gas in the Zoar field. In three wells quite a show of gas was 
found within ten feet below the top of the Corniferous, one had gas at forty- 
five feet, and two others at seventy and eighty-five feet respectively. Three 
had gas between 100 and 130 feet, and the famous Kerr well found it at 160 
feet below the top of the Corniferous. Although a cavity was undoubtedly 
the reservoir in the last instance, the porous “bull-head” of the water-lime 
is the most probable receptacle for gas within the formations named. 

A pocket of gas with a flow sufficiently strong to throw the tools out of 
the well was found in one of the wells at Alden. The reservoir was in the 
Marcellus and was quickly exhausted. Shallow wells in the Portage rocks 


furnish small quantities of gas in a few instances which are elsewhere noted. 


Natural Gas Reservoirs. 


The geologic conditions controlling the accumulation of natural gas are 
not sufficiently understood to furnish reliable data by which a gas well 
may be located. There are no surface indications of anticlines or other results 
of deep-seated disturbances which might act to accumulate and hold large 
quantities of gas. In the Medina sandstone, which is here the principal 
reservoir, the gas is found where the rock is soft and porous, but is not found 
where the rock is hard. Whether this difference in hardness is due to flexure 
of strata or to some inherent quality of the rock itself, is still to be deter- 
mined. Good wells are found close by poor ones, and several “dry” wells 
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may almost encircle a good one. The most experienced and intelligent men 
in the gas business frankly say that the drill is the only means of ascertaining 
whether gas exists in the earth or not. And after a careful study of the 
conditions existing in Western New York, I am free to express the opinion 
that the presence of gas in any locality in Erie county can not be predicted as 
securely as, for instance, a salt-well might be located in Wyoming or Living- 
ston counties. In localities already tested, the chances may be two out of 
three that a new well will find a paying quantity of gas. In a new district 
the first well might get it, or it might not be found by sinking five or six. 
The wells put down during the past year, however, go to show that natural 
gas is much more widely distributed than was at first supposed, and that it is 
destined to wider use, both for fuel and lights. The greater part of the best 
wells are located along the Marcellus outcrop or on the Hamilton shales, just 
south of it; but it is extremely doubtful whether proximity to the outcrop 
has anything to do with the production of the gas. 

It has been shown that surface gas exists in considerable quantities in 
the Portage shales. Although the supply from this source may not be suffi- 
cient to pipe to a distance, it appears to me that this might be utilized for 
local consumption. A well from 100 to 500 feet deep, if properly located, 
might furnish fuel for several houses; and it is by no means impossible that 
the time will come when a gas well in that region will be considered as 
necessary as a water well. 


A General Geologic Section of Western New York, from Lake Ontario 
to Cattaraugus Creek. 


By using the well-records from Niagara county, in connection with those 
from Erie county, the approximate thickness of the several formations is 
shown from the Archean, up to near the top of the Portage group. Since 
the measurements have been obtained from drillers’ records, lithologic 
characteristics, such as hardness, color and material have in most cases 
furnished the data by which the formations are distinguished. 


The Portage Group, i the Boston well was 938 feet thick ; 

in the Zoar wells 1,346, 1,395, 1,490; and in the Richardson well, 1,541 feet. 
The Genesee shale, at Highteen-Mile creek, was seventeen 

feet thick, but is thicker eastward. At Windom it is estimated, 

without actual measurement, tobe °° Po Ye Soe 25 feet. 
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The Hamilton and Marcellus shales in the well at Eighteen- 
Mile creek are, together, 287 feet thick. In the Heiser well at 
Woodlawn, one and one-half miles north of the edge of the 
Hamilton, the Marcellus is 125 feet thick, and is probably not 
less than 140 feet in all, making the Hamilton shales, 
and the Marcellus shales, 


The Corniferous limestone, Onondaga limestone and 
Water-lime, all being hard, are classed together by drillers as 
“flint.” The well at the Snow Steam Pump Works, near the 
southern edge of the Corniferous, in Buffalo, had 140 feet of this 
flint. The Sherman-North street well had 150 feet. An examin- 
ation of twelve other wells gives an average of 168 feet. The 


wells at the Bennett cement quarries, Buffalo, begun below the 


Onondaga, had, with the cement and “ bull-head” lying above the 
mouth of the well, sixty-two feet of water-lime. The Fogelsonger 
well on the same horizon had sixty-two feet of hard water-lime, 
thus giving of 

Corniferous and Onondaga limestone, 

Water-lime, . 


The Salina shales, from the bottom of the flint to the hard 
rock known to drillers as Niagara limestone (but pre includ- 
ing some Salina), averaged in ten wells, 

Making the Salina and Water-lime together 446 5 teat eine 


The Niagara includes an upper limestone and a shale below, 
the latter averaging seventy-two feet in thickness. The whole in 


ten wells averaged . 


The Clinton was from twenty-three to forty feet thick, and 
averaged in nine wells, 


The Medina, including (a) a hard red sandstone, the “red 
Medina;” (2) a shale of varying thickness, sometimes absent 
entirely, and (c) an almost white siliceous sandstone, known as 
“white Medina.” ‘These collectively ran from 83 to 140 feet in 
thickness, the white band being from four to thirty feet, but 
usually ten to fifteen feet thick. 

Nineteen wells gave, of the whole, an average of 


147 feet. 
140 feet. 


108 feet. 
60 feet. 


386 feet. 


319 feet. 


27 feet. 


109 feet. 
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From bottom of white Medina to the top of the Trenton lime- 
stone, the Albert Moore well gave 1,635 feet; the South Park 
well, 1,800 feet, andtnesbopew well. sa...» (» o.. 1,869 feet. 


The Trenton limestone in the Bradshaw well, near lake 
Ontario, was 680 feet; in Well No. 2, 710 feet, and in the Depew 
Wiel Snir Pari crew ee or Ue = 790 feet: 


The Calciferous, resting on the Laurentian gneiss, was in the 
Bradshaw well, No. 1, ten feet; in No. 2, twenty feet; in the 
Ue ee oa ae NO ay teeta aia fi ms ce: 53>) ok LO feet. 


Without reaching the Archean, total thickness of above section, 5,561 feet. 


The deep Richardson well at Zoar, which has been quoted 


above, passed through the white Medina at . . . . . . . . 2,910 feet. 
Adding from the Depew well, the shales below, . . . . . . 1,869 “ 
Pend ene MEreNUOl tar aiks te ao Me Ne ein ae ie Eo OBO» & 
PEO eleven or Grime tm shits fae) raw eon eiger ©. se Sia te W106) & 
ie tenant One IeO Mme wa. G0. hae Wysinty st Ehog fa )-6- cf geen tae 6 0,609" feat, 


A difference of only forty-eight feet in the results, as shown by the two 
computations, shows that the estimates are approximately correct. It will be 
noted, however, that the Calciferous was not fully penetrated in the Depew 
well, and that the Richardson well is not situated upon the highest land in 
that part of the county; so that the total thickness is probably from 100 to 
200 feet more than the result given above. 


Rock-Salt. 


The borings in Erie county have added materially to our knowledge of 
the extent of the Western New York salt-field. Thick beds of rock-salt are 
known to occur at Boston Corners and at Springville, while the northern 
edge of the same deposit was pierced in the old well southwest of East 
Aurora. At Gowanda and Zoar the drill passed through the Salina shales, 
finding brine, but no salt, in the rock-salt horizon. The limit, north and west 
of which rock-salt has not been found in the county, and is not likely to be 
found, is a line drawn from East Aurora to Patchen, curving westward near 
Boston Corners and thence southward, crossing Cattaraugus creek about 
three miles west of Springville. It is, therefore, probable that a well sunk to 
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the Niagara limestone at Wales, South Wales, Elmwood, or at any point 
within five miles southeast of these places, would pass through a good bed of 
rock salt. 


Water-Power. 


Although there are several large streams in the county, they are not well 
adapted to furnish much water-power. In their lower courses, where the 
volume of water is large, they either flow across a plain haying very little fall, 
or, as in the case of Eighteen-Mile creek, lie at the bottom of deep gorges, 
where they are practically inaccessible. In the hill region, where there is 
plenty of fall, the volume of water is small. Ellicott and Murder creeks 
furnish good, but not continuous water-power where they break over the 
limestone terrace, and the two branches of Cazenovia creek are capable of 
furnishing much more power than is now used. At present it is principally 
utilized for local grinding, sawing, etc. At Falkirk some of the power is used 
in one or two of the cement and flour mills and, at Holland, in a large tannery. 
Beyond these interests, water-power contributes very little toward the manu- 
facture of products designed for outside use. 

While in most instances I have given the source of information furnished 
for this report, I wish especially to acknowledge my obligation to the officers 
of the South Buffalo Natural Gas Co. and to Mr. Michael McIntyre, for the 
use of maps and records of wells in the South Buffalo and Zoar fields, and to 
Mr. J. W. Stearns and Mr. Mook, who have furnished me records of wells 
drilled under their supervision. Also to Professor Franklin Barrows, who 
has turned over to me original material regarding natural gas, which he 
collected several years ago, and which has not heretofore been published. 


Note to Page 326. 

While the work of deepening the Erie canal was in progress in the 
spring of 1897, the canal-bottom was exposed all the way from Ferry street 
to the harbor. From Ferry street to the railroad bridge, well-defined glacial 
markings were found wherever the bottom was covered by clay or boulders. 
This portion seems to have been a part of the river bottom when the canal 
was made. From the railroad bridge to the harbor the canal-bottom was 
glaciated almost continuously. Excellent areas of grooving and _ polishing 
were noticed just above the Porter avenue bridge, and again near the New 
York Central railroad bridge across the canal near the Terrace. 
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MAP SHOWING LOCATION OF BORINGS FOR NATURAL GAS IN THE CITY OF BUFFALO, 


The Almshouse and Buffalo Cement Company’s wells are the only ones now productive. 
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GROUP OF GAS WELLS NEAR THE MAIN STREET CROSSING OF THE NEW YORK CENTRAL BELT LINE, BUFFALO. 
Productive wells are represented by stars; unproductive wells by double stars. 


“ 


ot ees z. 
he 


| SS eee er ae 


Se os oa ad 


— 


‘s7foM oAonpoId-uoN = 14s oj[quoq ‘sed Suronpord Mou ore Jo parupord oavy OIA sTTOM = Iv} 


“OTVAAIOT ‘SANIT LIGA CNV LOWLY NIVN ‘ANVdNWOO INGWAO OTVAANE AHL JO SYMOM AHL UVAN STIAM SVO JO NOILLVOOT SNIMOHS dVA 


9) 
> 
C) 
2 
is 
ote 
XX 
R) 


= 36 
Ao) Sake b 
~ O 9¢ 
m | a 
op Bes 
ee a 
YT ve | ssnanoy 
« de veg 


i 


y GANVIt 


; 
Ly 
ae 
% 
x 
“re 
ja 
*¥ 
7 
oe 
v 
My 
2 
%s 
Ps 
ey o 
tc s 
™ = 
P s 
<= 
 » 4 
* or 
af di 
a ‘ 


Lae 
Pi 


oS 


LA 
fe ATE any 


Both 


a 


PORVLION 18. 272 


nm 
re 


ee ee 
SRNR Re WEP 
eects og 


Sabi dd dee. 


gtiy 


= pa 


‘ 
4 
~ 


oa 4 
Aad tah Dodo 


oiiedacet cet. = 


ole Gee 


3 
tHE 


METI 


SETS 
by a 


| 


SIDS SAOMMe 


FIGURE 5 


MAP SHOWING THE LOCATION OF GAS WELLS NEAR JEFFERSON STREET, BUFFALO. 
Wells at one time productive are represented by stars; unproductive wells by dotted crosses 
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Report on the Geology of Orange County. 


By Heryricu Ries, Pu. D. 


Contents. Physical Geography, p. 395; Literature, p. 397. Stratigraphic Geology; Pre- 
Cambrian, p. 399; Cambrian, p. 400; Trenton, p. 400; Hudson River, p. 401; Melina, p. 401; Helder- 
berg, p. 401; Oriskany, p. 402; Esopus, p. 402; Onondaga, p. 405; Hamilton, p. 403; Chemung, p. 404; 
Pleistocene, p. 405. Areal Geology: The Warwick Cambrian Limestones and the Granites, p. 405; 
The Region along Bellvale Mouutain, p. 410; Area along Skunnemunk Mountain, p. 415; Relations 
along the northwest of Skunnemunk Mountain, p. 418; The Region to the east and southeast of 
Skunnemunk Mountain, p. 424; Area west of Cornwall, p. 426; Geology of Deer Park Township, 
p. 428; Hudson River Shales and Sandstones, p. 439; The Neelytown Limestones, p. 442; Geology of 
Newburgh and New Windsor Townships, p. 443; The Highland Area, p. 446; Dike Rocks, p. 457; 
Pleistocene Deposits, p. 462. 


The following report is principally based on the results of three months’ 
work in the field during the summer of 1895, and to it is added such 
additional information on the geology as has been published by others. 

Orange county is situated in southeastern New York, and extends from 
the Hudson river on the east to a short distance beyond the Shawangunk 
mountain on the west. The county has an area of 838 square miles, with an 
east and west width of forty-five miles, and a north and south length of thirty- 
five miles. On the east it is bounded by the Hudson river, on the north by 
Ulster and Sullivan counties, on the west by Sullivan and Delaware counties, 
and on the south by Pennsylvania and New Jersey. The county is well 
known on account of its scenery, mineral localities and dairy products. 

Topography. Yn the eastern portion of Orange county, and bordering on 
the Hudson river, are the Highlands, a range of parallel hills, nearly all of 
them over 1,000 feet in altitude, and separated by shallow valleys. The more 
prominent elevations of this region are: Crow’s Nest, 1,418; Butler hill, 
1,524; Bear mountain, 1,350 feet A. T. 

The Highlands cover about 140 square miles. 

West of the Highlands, and separated from them by a fault valley, is the 
Bellvale-Skunnemunk ridge, extending in a northeasterly direction from the 
state line, on the northwest side of Greenwood lake, to Cornwall. At 
Monroe, the ridge is interrupted by a broad, transverse valley, and northeast 
of Monroe it has a double crest with steep cliffs. 

The fertile rolling country to the northwest has a topography of little 


variety, except to the south, the land gradually rising until it merges into the 
395 
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eastern slope of the Shawangunk mountain, This mountain enters the county 
from the north, and crosses it.in a northeast to southwest direction, passing 
into the Blue mountain, in New Jersey. It does not present the steep slopes 
and precipitous cliffs in Orange county that it does in Ulster, but is a rounded 
ridge whose cultivated eastern slope changes abruptly at the summit to a 
wooded one of deep descent on the western side overlooking the Neversink 
valley and the intermediate Helderberg ridge. The crest of Shawangunk 
mountain varies, within Orange county, from 1,200 to 1,400 feet A. T., being 
highest at the northern end. 

To the west of the Shawangunk mountain, the Hamilton and Chemung 
formations give rise to an elevated plateau, with few longitudinal valleys, but 
several transverse ones. 

The valleys of Orange county are largely dependent on the geologic 
structure, and follow the axis of the folds or the lines of faulting, and are in 
general, therefore, parallel to the strike of the rocks. These valleys also form 
important lines of drainage. 

The Wallkill, which is the largest river of the county, enters it from the 
south, and, flowing northward through a broad, shallow valley whose width 
increases to the north, passes into Ulster county, finally emptying its waters 
into the Hudson at Rondout. Except in the southern portion of the county, 
all but one of its tributaries come from the west and northwest. In Warwick 
township, the river is bordered for twelve miles by a swampy tract, the 
Drowned Lands. 

The Neversink river, which crosses the eastern side of Deer Park town- 
ship, follows the western base of the Helderberg ridge, and empties into the 
Delaware river at Carpenter’s Point. It drains the western slope of Shawan- 
gunk mountain and the greater portion of the township to the west of it. 
The eastern side of the Shawangunk ridge is drained by the Shawangunk 
kill, whose water-shed borders that of the Wallkill. 

The Ramapo river has its origin in Round pond, south of Monroe, and, 
flowing southeastward through the fault-valley in the Highlands, receives 
most of the drainage of Monroe and Tuxedo townships. In the northeastern 
part of the county, the Moodna river and Quassaic creek are important 
streams. 

Orange county abounds in lakes, especially in the Highland area, and a 
few of them are utilized for water supply. Of these, Little pond, near New. 
burgh; Little Long pond, near West Point; Mt. Basha lake and Long pond, 
south of Monroe, and Greenwood lake, are of importance. The last-named 
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lake is the largest in the county, being six miles long and three-quarters of 

a mile wide, but only half of it hes within the state. 

Many of the lakes are disappearing, on account of swamp-growth 
extending from their inlets, or the cutting down of their outlets, and the beds 
of former ponds are an important agricultural feature of the county. 

The geologic formations occurring in the county range in age from the 
Pre-Cambrian to the upper Devonian. Nearly two-thirds of the county is 
underlaid by the Hudson river slates, as will be seen from the accompanying 
geologic map, and the crystalline rocks of the southeastern portion also cover 
a considerable area. The other formations occur in irregularly shaped areas 
of variable size, but there is a tendency in them all to extend in a northeast 
and southwest direction. 

Folding and faulting have produced numerous and local complications, 
especially along the line of Bellvale and Skunnemunk mountains. 

The following bibhography indicates what has already been published 
on the geology of Orange county : 

Barrett, S. T., 1876: Notes on Lower Helderberg rocks of Port Jervis, N. Y., 
and descriptions of a new Pteropod. Ann. N. Y. Lye. Nat. Hist., Vol. 
XI., p. 290. 

Barrett, S. T., 1877: The Lower Helderberg rocks of Port Jervis, N. Y. 
A, J. S:\(8), SILL prg8b. 

Barrett, 8. T., 1878: The Coralline or Niagara Limestone of the Appalachian 
system. A.J. S (3), XV., p. 370. 

Barrett, S. T., 1878: Descriptions of new species of Fossils from the Upper 
Silurian rocks at Port Jervis, N. Y., with notes on the occurrence of the 
Coralline Limestone at that locality. dan. N. Y. Acad. Sci., 1., p. 121, 

Darton, N. H., 1884: Preliminary Notes on Fossils in the Hudson River 
Slates of the southern part of Orange county, N. Y. 4. J. S. (8), 
XXX., p. 452. 

Darton, N. H., 1886: On an area of upper Silurian rocks near Cornwall, 
eastern central Orange county, N. Y. A.J. S (8), XXXL, p. 209. 

Darton, N. H., 1885: Gives review of geologic relations from Green pond to 
Skunnemunk mountains. Sev. Amer. Sup., XIX., p. 7,877. 

Darton, N. H., 1885: The geologic relations from Green pond, N. J., to 
Skunnemunk mountain, N. Y. Aull. Geol. Soc. Amer., V., p. 367. 

Dwight, W. B., 1880: Calciferous as well as Trenton Fossils in the Wap- 
pinger Limestone at Rochdale, and a Trenton locality at Newburgh, 
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Dwight, W. B., 1880: Description of a new discinoid Brachiopod from the 
Trenton at Newburgh, N. Y. A.J. S. (3), XIX, p. 451. 

Dwight, W. B.: An interesting geological locality at Cornwall, Orange 
county, N.Y. Zrans. Vassar Bros. Inst., U., p. 74. 

Dwight, W. B.: The peculiar structure of Clark’s clay beds near Newburgh. 
Trans. Vassar Bros. Inst., U1. p. 86. . 

Dwight, W. B., 1884: Recent investigations and palaeontological discoveries 
in the Wappinger Limestones of Dutchess and neighboring counties, 
New York state. Proc. A..A. A. S, XXI., p. 384; Nat. Leis. Hour 
and Mus. Bull. No. 18, May, 1884, p. 4. 

Hunt, T. S., 1886: Reference to discovery of fossil plants in the Skunnemunk 
mountain belt. Min. Phys. and Physiog., p. 591. 

Kemp, J. F., 1888: A Diorite Dike at the Forest-of-Dean, Orange county. 
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White, I. C., 1882: Various references to Orange Co. in Rep. G6, Penn. 
Geol. Surv. : 
Whitfield, R. P., 1879: Discovery of specimens of Maclurea magna of the 
Chazy, near Newburgh, N.Y. A. J. S. (8), XVIII, p. 227. 
Williams, G. H.: On some remarkable crystals of pyroxene from Orange 
VoseNi Ye 
Ward, L. F., Notes occurrence of plants at Woodbury Falls. 8th Ann. Fep., 
ORS GES. , po 859. 
Of the above list of papers the more important are those of Prof. Kemp 
and Mr. Hollick, Prof. Prosser and Mr. Darton. 


The following is a list of the formations occurring in Orange county, 
together with their character and approximate thickness : 


Pre-Cambrian, Gneisses, granites and limestones, —— 
Olenellus, ? Limestones, usually impure, 20/ + 
Cambrian, Limestones, 200 + 
Trenton, Limestones, —— 
Hudson river, Shales, slates and sandstones, 2,000 +? 
Medina (incl. Oneida), Sandstones and conglomerates, 150’—750' 
Lower Helderberg, — Limestones and shaly limestones, 25-500/ 
Oriskany, Impure limestones, sandstones, 

quartzite and conglomerate, 50’-150' 
Esopus, Slates and sandstones, 750'* 
Onondaga, Cherty limestones, 250’ 
Marcellus, Arenaceous shales and shaly sandstones, 800’ 
Hamilton, Shales, sandstones, flagstones and 

conglomerates, 1,200-1,800° 
Chemung, Arenaceous shales and sandstones, 2,250’ 
Pleistocene, Clays, sand, gravel and boulders, — 


Pre-Camprian. This formation consists of a great mass of gneisses, 
gneissic rocks, and some limestones. At times the gneissic rocks are massive 
and resemble a true granite. At other localities they present a schistose 
facies. These rocks form the Highland region, the northwestern side of 
Bellvale mountain, and a series of rounded knob-like hills extending from 
Sugar Loaf village to Newburgh. 

The gneiss is usually a mixture of quartz, biotite and feldspar, the latter 
often plagioclase. Hornblende sometimes predominates, as in the gneiss of 
Bellvale mountain and Tuxedo township. Pyroxene gneisses also occur. The 
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gneiss forming Sugar Loaf mountain and the areas to the northeast, is a 
granulite gneiss with little or no mica or hornblende. 

Bodies of iron-ore are not uncommon and are not confined to any par- 
ticular area or belt, although future detailed study of these rocks may show 
that they belong to definite horizons. The ore-bodies are generally of small 
size, and lens or pod-shaped, and the ore is, in most instances, lean. The two 
important ore-bodies are those of Forest-of-Dean and Sterling. 

Limestones occur interbedded with the gneiss, but are rare. One bed is 
found at Popolopen pond, and another at Fort Montgomery. 

The crystalline rocks of this region often appear folded and sometimes 
faulted; the thin sections do not, however, afford as much evidence of dynamic 
metamorphism as one might expect, The folds of these Pre-Cambrian rocks 
frequently pitch to the northeast. Dikes are not infrequently met with. 

In view of the limited extent of our present knowledge, these rocks can 
only be classed as Pre-Cambrian. This is also suggested by Van Hise. 
(Bulletin United States Geological Survey, No. 86, p. 415.) 

Camprian. The rocks of this age are light-colored, generally massively 
bedded magnesian limestones. No fossils have been found in them, but their 
age is based on: (1) the similarity of character of the several areas; (2) on 
their relations to the overlying formations, and (3) on the occurrence of 
Cambrian fossils in the limestone of northern New J ersey*, of which they 
are undoubtedly a continuation. Their greatest development is in the western 
part of Warwick township, and in Lookout mountain, south of Goshen. The 
limestones are normally light blue and finely crystalline, but sometimes 
become coarsely granular, shaly or even brecciated, as east of Goose pond 
mountain and south of Neelytown. Around Edenville they have been 
changed by granite intrusions to a coarsely crystalline white limestone. 

In Bellvale and Skunnemunk mountains, the limestones underlie uncon- 
formably the younger formations, while north of Greenwood lake and east of 
Pine hill they are faulted against the gneisses, and the same relations hold 
true at Snake hill southwest of Newburgh. In the northeastern part of the 
county they are faulted against the Hudson river slates. 

The thickness of the Cambrian limestones in Orange county can not be 
determined with accuracy, but it is probably not less than 500 feet. In 
Lookout mountain, south of Goshen, they have a thickness of about 200 feet. 

Trenton Lutestonr. There is a small, highly fossiliferous area of this 
rock on the River road, about two and three-quarters miles north of Newburgh 


* A. F, Foerste.—American Journal of Science, December 1893, p. 435. . 
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ferry. In the single exposure known, this rock is a dark blue-grey, shaly 
limestone, containing abundant crinoid stems and several Trenton species. 
The rock strikes N. 35° E. and dips 40° E. 

Hupson River States. Two-thirds of Orange county is underlaid by 
the members of this formation, which cover nearly the entire area of the 
townships of Mt. Hope, Crawford, Montgomery, Goshen, Wallkill, Wawa- 
yanda, Chester, Newburgh and Cornwall. 

In the western portion of the county, the formation is represented by 
interbedded shales, and red, brown or grey sandstones, while in the central 
part the slates and shales only appear. The sandstone beds again come in 
towards the northeast. Conglomerates are occasionally seen in the north- 
eastern part of the county. The slates are black, grey or brown, and often 
very fissile. The sandstone layers are often several feet in thickness. 

Fossils are rare, but have been found at several localities, notably Sugar 
Loaf, Rock Tavern, Greycourt and Goshen. They show a mixed Hudson 
river-Trenton fauna. 

The country underlaid by the Hudson river formation is a fertile one, 
and the outcrops are comparatively few, forming rounded hills and ridges. 
These rocks rest unconformably on the Cambrian limestones and gneisses, and 
underlie the younger rocks in the same manner. Their thickness in this 
county is probably not less than 2,000 feet. 

Meprya Sanpstone. The members of this formation are fine-grained 
quartzites, conglomerates, shales and sandstones. The formation has its 
greatest development in Deer Park township, where it forms the western 
half of Shawangunk mountain. There it consists of a quartzose conglomerate 
40-50 feet thick, which passes upward into 700 feet of Shawangunk grit. 
This latter is a hard, evenly bedded quartzite, dipping to the west under the 
red Medina sandstone, which grades upward into greenish grey shales of the 
same age. Another area of Medina age forms Pine hill, east of Skunnemunk 
mountain. Here are 60-70 feet of Oneida conglomerate, dipping to the west 
over the Cambrian limestones, and passing upward into the Longwood red 
shales and shaly sandstones, of which there are about seventy feet in 
Pine hill. 

Their upper members are greenish shales and quartzites, which crop out 
south of Cornwall station. They underlie unconformably the Helderberg 
limestones. 

Hetpersere Lovestones. There is considerable variation in the distri- 
bution and thickness of the members of this formation in Orange county. 
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Small patches occur west of Stone Bridge, northeast of Bellvale, northwest of 
Monroe and northeast of Highland Mills. The two important areas are the 
one west of Cornwall station, and the belt along the western side of Shawan- 
gunk mountain. In the latter belt are recognized the Tentaculite, Lower 
Pentamerus, Shaly and Upper Pentamerus members. In the Cornwall area, 
the Shaly, Pentamerus and Tentaculite are met with. The Scutella limestone 
is not found in the county. As the characters of these beds are so 
different at the various localities. they are best described in the paragraphs 
treating of these regions. 

OrisKANY SanpstonrE. The two belts of Oriskany which occur within 
‘the county present widely different characters. The western belt forms the 
western part of the Helderberg ridge, which extends up the Neversink valley 
from Port Jervis. It consists of fine-grained shaly sandstones and impure 
limestones, the latter often containing many fossils. The limestones weather 
to a soft red rock, from which the fossils may often be dug with a knife. The 
beds dip to the westward under the Esopus slates and Pleistocene deposits of 
the Neversink valley, but the bedding is almost everywhere obscured, and 
there is present a pronounced cleavage, which causes the rock to split into 
yery thin layers. The cleavage generally dips steeply to the east. There are 
also often present cherty bands containing fossils. The Oriskany forms 
narrow ridges, and the thickness of the formation is about 125 feet. 

The second Oriskany area is along the western side of Bellvale and: 
Skunnemunk mountains, where it affords a fine-grained red or gray quartzite, 
which changes locally to a conglomerate. It is underlaid by the Helderberg 
limestone in places, and in turn dips conformably under the Monroe shales. 
About one hundred feet are exposed. The grey limestone is everywhere 
traversed by innumerable cracks, which produce an extensive and character- 
istic pile of debris around each outcrop. The red quartzite does not 
contain these slit-like cavities, which are probably joint cracks. The 
conglomerate appears in association with the gneiss knobs northwest of 
Skunnemunk. 

Esopus State. This formation consists of black or bluish grey shaly 
sandstones, grits and black slates. It occurs only in the eastern part of Deer 
Park township, on the western side of the Helderberg ridge, where it rests 
on the Oriskany sandstone. The formation gives rise to small narrow ridges, 
which may possibly represent step-faults. The probable thickness is about 
700 feet, if there are no faults as above mentioned. All the members have a 


strong easterly dipping cleavage, which makes a sharp angle with the usually 
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obscure bedding. No fossils have been found in these rocks in Deer Park 
township. 

Excellent exposures of the black Esopus slate are to be seen in the 
railroad cut of the New York, Lake Erie & Western railroad, about a mile 
and one-half northeast of Port Jervis. The formation crosses the Neversink 
river above Port Jervis and disappears under the drift of the valley. 

Ononpaca (Cornirerous) Limestone. The beds of this age are repre- 
sented by a dark grey limestone in layers one to ten inches thick, and 
containing numerous black chert nodules of an irregularly elliptical shape, 
whose longer diameter is sometimes a foot. The limestone forms Carpenter's 
Point, near Port Jervis, in the southeastern part of Deer Park township, and 
also outcrops in a small area farther up the valley, near Port Orange. 

Weathering dissolves the lime carbonate, and often leaves the masses 
of chert projecting several inches above the surface. The nodules sometimes 
contain fossils (I. C. White, Pennsylvania Geological Survey, G. 6). The 
Corniferous limestone dips gently to the west. The thickness can not be 
determined from the exposures at Carpenter’s Point, but White estimates it 
at 250 feet. 

Hammon Group. This is an important formation in Orange county. 
The lower member, the Marcellus shale, consists of a series of dark colored, 
bluish black or brown, arenaceous shales, which crop out along the western 
side of the Neversink valley. They are fossiliferous at several localities, 
notably at Port Jervis and Rose Point, eight miles northeast of it. They 
have a low western dip and a steep easterly dipping cleavage. Their thick- 
ness, which is in part buried by the drift of Neversink valley, has been 
estimated by White* and also by Prosser at 800 feet, which seems very 
probable. 

The upper member, or Hamilton proper, overlies the Marcellus, but is 
not separated from it by any sharp line of demarkation. It forms a series 
of arenaceous shales and shaly sandstones in its lower beds, while the upper 
ones are thinly laminated sandstones. The lower members contain abundant 
fossils. The total thickness in Deer Park township is about 1,800 feet. 

The second area of Hamilton rocks forms the greater portion of Bellyale 
and Skunnemunk mountains, and has been divided by Darton+ into three 
members, viz.: the Monroe shales, Bellvale flags and Skunnemunk con- 
glomerate. { 


* Report G 6, Pennsylvania Geological Survey. 
t The Devonian of Eastern New York and Pennsylvania. Bulletin United States Geological Survey, No. 120. 
t Bulletin Geological Society of America, YV., p. 367. 
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Monroe shales. hese are dark grey or black slaty shales and _ slates, 
which are usually fossiliferous. They extend around the base of Skunne- 
munk mountain, and along the eastern base of Bellvale mountain. 

Their thickness in the former ridge is probably not over 200 feet, but 
their greatest development is in Pea hill, near Cornwall. 

Bellvale flags. These overlie the Monroe shales, and are represented 
by a series of thin-bedded sandstones with occasional shaly partings and con- 
cretionary layers. They pass into the underlying Monroe shales, and upward 
into the conglomerate. Normally, the Bellvale flags are moderately fine- 
grained sandstones of grey color. In their upper layers, near the transition 
into the conglomerate, they become massive, quartzose and coarse. The 
sandstones are also traversed by numerous thin veins of milky quartz. The 
flags extend from the New Jersey state line to the north end of Skunnemunk 
mountain, where they terminate somewhat abruptly. The thickness of the 
Bellvale flags is about 1,000 feet. 

Skunnemunk conglomerate. In its typical development this rock is 
composed of an aggregate of quartz and some shale pebbles in a matrix of 
reddish quartz and argillaceous material. The pebbles are generally one to 
two inches in diameter, but sometimes attain a size of several inches. Local 
layers of red slate occur interbedded with the conglomerate in the upper 
portions and are well seen in the road over the mountain from Greenwood 
lake to Warwick. The conglomerate passes downward through a pebbly 
quartzite and red quartzitic sandstone into the Bellvale flags. It can not be 
said that these intermediate beds of passage belong to one member more than 
the other. The conglomerate caps Bellvale and Skunnemunk mountains and 
gives rise to high cliffs and steep ledges. Professor Smock has estimated, and 
probably correctly, the thickness of the Skunnemunk conglomerate as 300 
feet, but in Bellvale mountain, to the south, it is much thicker, not far from 800 
feet. Mr. Darton considers that the Skunnemunk conglomerate may possibly 
represent the Oneonta formation, as the deposition of the latter in central 
New York was characterized by an abrupt change in the nature of the sedi- 
mentation, or it may represent the coarse Chemung beds of the southern 
Catskills or, thirdly, may be a purely local feature. 

Cuemune Group. This formation is only present in the western portion 
of Deer Park township. The beds are mostly unfossiliferous sandstones, with 
some interbedded shales. The divisions occurring within the limits of the 
county are the Delaware flags, New Milford red shales, Starucca sandstone 


and Chemung sandstones, of Prosser. 
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Prerstocenn. These deposits are represented by the usual accumulations 
of gravel, sand and boulders. In the larger valleys, as those of the Neversink, 
Shawangunk, and Wallkill rivers, the gravel and sand accumulations are of 
great extent and depth. Those of the Neversink valley are in places known 
to be over one hundred feet thick. Large boulders are restricted to New- 
burgh, Cornwall and Tuxedo townships, in which they are quite abundant. 
The alluvial deposits are represented by terraces along the Hudson river and 
other streams and by numerous pleistocene lake beds which cover some 
40,000 acres. The pleistocene deposits are mentioned in detail hereafter. 


Geology of the Warwick Cambrian Limestones and the Granites. 


In the south-central part of Orange county is a belt of blue and white 
limestone which begins about two miles southwest of Goshen, in Goshen 
township and, extending through the western part of Warwick township 
with increasing width, passes on continuously for twenty miles into New 
Jersey. To the east of the Drowned Lands, and opposite Black Walnut 
Island, the belt is about two and one-half miles wide, and continues this width 
to Amity, where it narrows to two miles. A branch of the blue limestone 
extends from this point to the northeast, and will be described hereafter. 
The limestones also extend under the Drowned Lands, and the blue limestone 
is found again on the west side, where it passes under the Hudson river 
slate.. The white limestone occurs only in the main central belt, and is there 
closely associated with the blue. The area occupied by each can best be 
apprehended by an examination of the map. In Orange county no fossils 
have been found in the limestone, but the contained remains found in New 
Jersey prove it to be of Cambrian age. The white limestone surrounds two 
areas of granite and gneissic rocks, and borders on a third, Pochuck moun- 
tain. It is also penetrated by many granite dikes and masses containing 
contact minerals. 

Several opinions have been advanced regarding the age of the blue and 
the white limestones. Keating and Vanuxem (Jour. Phila. Acad. Sci., 1822, 
p. 277); C. U. Shepard (A. J. 8. i-X XI, p. 323) 5; Cook (1868, Geol. N. J, 
p- 310); and Britton CV. J. Geol. Swrv., 1886, p. 77-83), considered that the 
white crystalline limestone was of Archean age, deposited on the gneisses and 
granites, and metamorphosed. The blue limestone was considered Cambrian. 

On the other hand, Nuttall (A. J. S IV., p. 247), Rogers (V. J. Geol. 
Surv., 1840, p. 47-67), Nason (WV. J. Geol. Surv., 1890, p. 25-50), and Mather 
consider that the blue and the white limestones are one and the same forma- 
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tion, originally blue, but changed to white in those portions bordering on the 
gneissic and granitic rocks. A third possible view is mentioned by Kemp 
and Hollick, viz.: that the white limestone is Archean, but metamorphosed 
along granitic intrusions, and thus charged with minerals, while the blue is of 
later age. In this main belt no actual contact was found between the blue 
and the white limestones, although outcrops were found within 200 feet of 
each other on the road running due north from Edenville and northwest in 
a general way, along the line of Professor Kemp’s section 3, The two are 
considerably mixed together on the northeast slopes of Mount Eve. The 
writer, however, found exposures east of the road and one and one-quarter 
miles west-southwest of Pine Island station, which showed the passage of the 
blue into the white. In the main belt the blue limestone becomes graphitic 
and more crystalline towards the white. On the east side of Round hill, the 
blue limestone is found quite close to the granite and assumes a_ highly 
siliceous character, 1f not actually becoming a quartzite. 

Two great knobs of granite, Mount Adam and Mount Eve, penetrate the 
limestone. The rock is a hornblende-granite, gneissic in places, and coarsely 
crystalline, especially at the quarries, the anhedra forming the granite being 
one-quarter to one-half inch diameter. More or less biotite is present, and 
augite is common near the margins. The granite is a basic variety, and 
plagioclase equals or exceeds the orthoclase. Quartz is often common, and 
contains dusty inclusions. The orthoclase is generally microcline or micro- 
perthite. The hornblende is black, and is transparent only in the thinnest 
sections. It is then yellowish green parallel to a, black parallel to 4, deep 
green parallel to c. Brown biotite is usually rare, but it is quite common on 
Round hill. Allanite, a rare mineral, is abundant in the granite, and, together 
with pegmatite veins, has spoiled much of the stone for quarrying. Small 
zircons and titanite are not infrequent. The granite becomes quite gneissic 
at the north end of Mount Eve, preserving the same mineralogic composition, 
but the sections show evidences of dynamic metamorphism in the crushed 
crystals of quartz, feldspar, etc. Sometimes the granite assumes a structure 
resembling quartz-porphyry. Graphic granite was also found on a knob east 
of Mount Eve. 

The white limestone is coarsely crystalline, with scattered scales of 
graphite and, less often, phlogopite. Chondrodite is also present and 
increases near the contact of the limestone with the granite. 

Contacts. The granite and the white limestone are found in actual 
contact in several places, and only a few feet apart in others. Towards the 
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contact, the granite becomes an aggregate of light green monoclinic pyroxene 
and scapolite, or a granite-like zone of the two is present. Titanite is a 
constant associate. 

Near the contact, great quantities of silicates appear in the limestone 
either in bunches or scattered through it. They are brownish green horn- 
blende, dark brown biotite or phlogopite, green pyroxene, titanite, pyrite, 
calcite and some scapolite. Chondrodite is sometimes present in great 
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FIGURE 1. Section from southwest side of Mount Adam, northwest towards the Drowned Lands. 


quantities. A good contact is to be seen on the prolongation of Mount Eye 
on the farm of Mr. Onderdonk and on that of Mr. J. Hedges. On the 
southwest side of Mount Adam is an excellent section across the granite, 
limestone and contact zones. (Hig. 1.)* Next to Mount Adam is a very 
swampy strip, following which there is a ledge of limestone with much 
red chondrodite. Beyond this comes the granite with the scapolite zone. 
Unusually fine scapolite crystals were found here, with interlaced prismatic 
pyroxene individuals. Titanite was present in less quantity. The scapolite 
zone is followed by coarse white limestone, and this, in turn, dips under the 
gravel bordering the Drowned Lands. 

About two miles west of Amity is Pochuck mountain, the greater 
portion of which les within New Jersey. The eastern part of the 


Granite 


FIGURE 2. Section across the north end of Pochuck Mountain. 
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mountain 1s composed of a coarse-grained granite, which is quarried for 
building purposes. The eastern half of the mountain is a biotite gneiss 
(508), which strikes N. 20° E.; dips 80° W.  Dikes of the granite penetrate 


* This section is copied from Prof. Kemp and Mr. Hollick’s paper, previously mentioned. 
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the gneiss, pyroxene being developed as a contact mineral between the two. 
Small knobs of granite also crop out near the road (505) on the west side 
of the Drowned Lands, and about one mile north of Pochuck mountain. 
There is also a hill of gneiss Just north of the cross-roads on the east side 
of the road, and about one and one half miles west by south of Pine Island 
station. A short distance northwest of this are several outcrops (504), 
showing the transition of the blue limestone into the white. Up the short, 
steep slope on the west side of the road, is a blue, fine-grained, hard limestone 
(504a), with a low western dip. 

The blue limestone, with contact minerals, also crops out in the road. 
Not more than six feet from it is a small mass of white limestone, with 
graphite scales. Next to this is a dark strip of rock, made up of contact 
minerals. In the field opposite these outcrops, and about 150 feet distant 
(504e) is a mass of blue limestone with cavities and calcite streaks. At 
the north end of the same outcrop is white, coarsely crystalline limestone, 
while the space between shows every gradation between the blue and the 
white. A large outcrop of the white occurs on an adjoining knoll to the 
north. Another outcrop of the blue and the white is im a corn-field about 
one-third of a mile to the southeast (506). 

The prolongation of the white limestone belt so far south from Mounts 
Adam and Eve, without the appearance at the surface of any large igneous 
masses, suggests that the Adam and Eve area and the Pochuck mountain 
area are probably connected, and may be portions of the same intrusion. 

Relations of the Limestones and Hudson River Slates. Two facts greatly 
hinder a correct understanding of the relations of the limestones and the 
associated Hudson river slates. The area underlaid by these formations in 
Warwick township is a rich farming country, and outcrops are few, and, 
again, the limestones in the main belt are often massive, and good strikes 
and dips are not easily obtainable. On the western side of the Drowned 
Lands, the limestone boundary extends from Unionville, northeast through 
Gardinerville and, about two miles east of this place, swings around to the 
northeast. Near Liberty Corners the blue limestone (502) strikes N. 70° W., 
and has a dip of 15° W. The layers are four to eight inches thick, with 
shaly partings. Northeast of Gardinerville the limestone strikes N. 30° E.; 
dip, 30° N. W. It is somewhat cherty and variable in color. 

At Gardinerville, the slate is exposed under the dam in the bed of the 
stream. The dip is west. Northeast cf Orange farm (89) the limestone is 
well exposed in a quarry on the west side of the main road from Goshen to 
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Warwick. Here it is a very hard, massive rock with an abundance of cherty 
layers and broken by irregular vertical joints. The dip is very low to the 
northwest. Half a mile southeast of Mapes Corners is Mount Lookout. 
This is made up entirely of Cambrian limestone and affords one of the 
best exposures in the county. The upper beds are somewhat coarse and 
sandy, while the lower ones are fine-grained and less siliceous. They all 
dip shghtly to the northwest. Most of the limestone is very hard and some 
of the layers half-way up the hill have siliceous laminae which stand out 
prominently on the weathered surfaces. Quartz crystals are not uncommon 
in the cavities of the rock. There are evidences of fossils in some of the 
coarser layers from the summit of the hill, but no good specimens were found. 

Southeast of the hill and opposite a farmhouse on the main road is a 
ledge of very cherty, moderately coarse limestone. The thickness of the’ beds 
in Lookout mountain is fully 200 feet. This hill is in the main belt of lime- 
stone, whose most eastern limit is west of the upper end of Glenmere lake. 


There the slate and the limestone are separated by a narrow ravine, the lime: 


Mt. Eve 


Mt. Adam Stone Bridge 


FicuRE 3. Section from Mount Adam to Stone Bridge. 


Gr., Granite; W. L., White limestone; B. L., Blue limestone; H. R., Hudson river slates; 
H., Helderberg limestone. 


stone forming a ledge on its western side. At this point (97) the two are 
about seventy-five feet apart, but a few hundred feet farther south on the 
west side of the road, they are within six feet of each other. The limestone 
here dips to the east and is overlaid unconformably by the slate, though an 
actual contact 1s lacking. 

The Hudson river slates extend southward across Warwick township 
in a wedge-shaped area which is about five miles wide at its upper border 
and thins out at a point about one and one-half miles northwest of New 
Milford. They rarely afford good exposures, but an excellent one is seen on 
the road from Warwick to Edenville. 

One mile west of Stone Bridge, is a small area of Helderberg Itmestone 
(500) resting unconformably on the blue cherty.Cambrian limestone. The 
Helderberg is a purplish shale containing remains of Lryozoa, Leperditic, 
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mollusks and trilobite fragments. The species determinable were a Da/ma- 
nites, Leperditia alta, Meristella levis, Nucleospira ventricosa and Celospira 
concava.* To the east of the Hudson river slate area is the right branch of 
the Cambrian limestone belt, which spreads eastward to Bellvale mountain 
and northward to Sugar Loaf mountain and underlies the broad, flat 
Warwick valley. . 

From the strikes and dips obtainable, the indications are that the 
Cambrian limestone underlies the slates with a constant, though varying 
degree of unconformity and which are themselves brought up by low folds; 
the Mounts Adam and Eve area being along the axis of a low anticline. The 


section adapted partly from Professor Kemp’s paper, is given in figure 3. 


Geology of the Region along Bellvale Mountain. 


Bellvale mountain enters Orange county from New Jersey along the 
west side of Greenwood lake, and extends to a point about four miles north 
of the latter, with an elevation of 1,200 to 1,300 feet A. T., beyond which it 
extends as a discontinuous rounded ridge with greatly diminished elevation, 
merging into the southwestern continuation of Skunnemunk mountain, 
northwest of Monroe. The latter extends, as a high doubly crested cliff- 
topped ridge, nearly to Cornwall. 

The general structure of Bellvale mountain is that of a compressed 
synclinal of Devonian rocks, a portion of whose western limb has been cut off 
by a fault, and the missing member replaced by gneiss. 

The geologic age of this belt has been, for many years, a disputed point 
among geologists. Horton, in his report on the geology of Orange county, 
refers to Bellvale mountain, and states that the southeast side, top, and about 
one-third of the slope on the northwest side are composed of greywacke and 
greywacke slate, standing nearly vertical. 

On the geologic map of New York, 1844, the area of Skunnemunk 
mountain is put down as Hudson river slate. On the New Jersey geologic 
map of 1868, Professor G. H. Cook referred these rocks to the Potsdam. 

In 1871, D.S. Martin found the first fossils of this belt in a so-called coal 
mine on Skunnemunk mountain. (The Coal of Orange county, N. Y., Proc. 
N.Y. Lye. Nat. His. 1, p. 259.) Professor Martin states that the coal mine 
of Monroe lies upon the western side near the summit of the mountain. The 


rock is a dark grey siliceous or argillaceous sandstone, carrying carbonaceous 


* J. F. Kemp and A. Hollick.—On the Granite at Mounts Adam and Eve, Warwick, Orange county, N. Y., and its Contact 
Phenomena. Annals of New York Academy of Sciences, VII, p. 638. 
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matter. The fossils found, fixed the age of these rocks as Devonian, probably 
Hamilton. The plant-remains proved to be Lepidodendron (probably L. 
gaspianum), Calamites, Psilophyton and, according to Professor Newberry, 
Dadoxylon. 

The region was still colored as Potsdam on the geologic map of New 
Jersey, of 1874, while the area called Hudson river is put down as Silurian 
slates. In a paper by Dr, T. S. Hunt, the Green pond mountain conglomerate 
was mapped as greywacke or Upper Taconic (Zrans. Roy. Soc. Can., L., ser. 
IV., page 254). The geologic map of New Jersey, published in the Annual 
Report of the New Jersey Geological Survey, made no change for the Green 
Pond-Bearfort region. 

In the New Jersey Geological Survey Report for 1884, Smock gives a 
section from Woodcock hill, northwest of Skunnemunk, southeast and east 
across Skunnemunk mountain (p. 46), showing the synclinal structure of the 
mountain. The subsequent work of other geologists shows the main details 
of this section to be correct. Professor Smock calls attention to the fact that 
the relations of this Devonian series of rocks are much easier of interpretation 
in this locality than elsewhere. He also gives a detailed map of the region 
around Bull hill, northwest of Monroe, and notes the occurrence of plant 
remains in the Devonian sandstone quarries. 

Dr. Merrill studied this series of rocks in northern New Jersey, and the 
results of his work are given in the report of the New Jersey Geological 
Survey, 1886, p. 113. 

In 1892, Professor Prosser gave a resumé of previous contributions refer- 
ring to this region, and discussed in detail the plant-remains of Skunnemunk 
mountain. N.H. Darton has contributed a valuable paper on the geology of 
this region (Geologic Relations from Green Pond Mountain, N. J., to 
Skunnemunk Mountain, N Y.) The results of the writer’s work in Orange 
county during the past summer, agree in most respects with those of Mr. 
Darton. 

In Bellvale mountain the synclinal is formed, in great part, of the 
Skunnemunk conglomerate. Excellent exposures of it are seen (184, 186) on 
the road from Greenwood lake to Warwick, on the summit of the ridge. 
Interbedded with the conglomerate are less pebbly beds and streaks of red 
slate. The quartz pebbles are often ground and distorted on slickensides. , 
The conglomerate passes through a red quartzite into the flaggy sandstones 
which are seen lower down on the east side of the mountain. These are 
everywhere traversed by veins of milk-white quartz (367). 
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Toward the base of the mountain they become more heavily bedded, and 
are succeeded by shales. The conglomerate extends along the crest of the 
mountain for several miles north of Greenwood lake, and forms bold cliffs and 
ledges at the top of the steep wooded slopes. It disappears southwest of 
Long pond, where the mountain breaks up into rounded hills, and does not 
reappear again, except at one point, until Skunnnemunk mountain is reached. 
This one point is about three-quarters of a mile northwest of Round pond, 
south of Monroe. 

The quartz-seamed sandstones come up on the other side of the synclinal, 
on the northwest side of Bellvale mountain (366), where they are faulted 
against the Precambrian gneisses. The sandstones and conglomerate every- 
where present abundant slickensided surfaces. 

About 800 feet of conglomerate are represented in the sections across 
the mountain at the north end of Greenwood lake. 

The Bellvale flags are represented along Greenwood lake by grey flagey 
sandstones, often cut by veins of milky quartz. About two miles north of 
the state line, the Monroe shales appear as black slaty shales, resembling 
somewhat the Hudson river slates, with which they were for a time 
confounded. Hamilton fossils are not uncommon. They are abundant in 
the slates along the road, where the latter follows a cliff above the lake, about 
one-quarter mile north of the Lakeside hotel. 

The fossils are much distorted, but the following were recognizable : 

Tropidoleptus carinatus, 

Spirifer mucronatus. 

Liorhynchus, sp. 

LFehynchonedla, sp. 

The Esopus slate, though very abundant farther down the lake, does 
not appear north of the state line. 

The synclinal fold of Bellvale mountain is often so compressed that the 
dips are eighty or ninety degrees.* The Monroe shales are exposed along 
the west side of Long pond, two and one-half miles south of Monroe, and 
about 500 feet north of the school-house. They here contained a number of 
impressions closely resembling Sp7rophyton. 

North of Greenwood lake, on a small knoll (426), is an outerop of 
quartzite with sand grains and occasional pebbles. It dips to the westward 
under the Bellvale flags. Darton has considered it to be Oriskany, and 


while it is very probably this, proof is lacking. 


* Some of these apparent dips may be cleavage planes. 
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Camprian. The Cambrian limestone underlies the drift-filled valley 
northeast of “Greenwood lake, as far north as Long pond. There are small 
outcrops of it along the base of Bellvale mountain (434), west of Moses 
Smith’s house, and also in a ravine to the northeast (423). The gneiss 
crops out about 200 feet from it, up the hill-side. The rock is light bluish 
grey, cherty and massive, and contains numerous slit-like cavities. Scattered 
over the surface at this locality are many angular fragments of Oriskany 
quartzite and conglomerate, which appear not to have been transported 
any great distance. The limestone probably rests unconformably on the 
oneiss of the eastern side of the valley. 

To the northwest of Bellvale mountain, the Cambrian limestone, which 
spreads out over the Warwick valley, as previously noted, rests uncon- 
formably on the gneiss. A good outcrop of this limestone is in the corner 
ot a field just northwest of Bellvale (107). It shows a thin-bedded character, 
and has shaly layers. The strike is N. 50° E., and the dip 30° W. Mr. 
Darton* notes a very small outcrop of Helderberg limestone on the northwest 
slope of Bellvale mountain, and about one-half mile north of the road across 
the mountain. The rock is said to be a dark grey, moderately pure limestone. 
Only one shell was found in it, and that resembled Strophonella punctulifera, 
Conrad. 

Pre-Camprian Gwetss. The gneiss, which is faulted up against the 
Devonian rocks on the northwest side of Bellvale mountain, enters the 
county as a belt four miles wide, and narrows rapidly towards Bellvale, 
whence it extends northward, as a narrow strip, to Sugar Loaf. It has a 
steep dip. Near the fault line, the gneiss is massive and hornblendic 
(188, 364, 365). The strike east of Bellvale (188) is N. 30 to 35° E.; 
dip, 80° 8. E., and north of Bellvale (188) the strike is N. 25° E.; dip, 
30° S. E. At times the hornblende predominates to such an extent as to 
make the rock black. Toward the west the basic gneiss is succeeded by a 
more acid phase, containing much orthoclase and mica. 

The gneiss retains the acid character over most of the area south of 
Warwick and Bellvale. About two and one-half miles due south of Warwick, 
several openings have been made for iron-ore in the hornblendic gneiss. 
North of the latitude of Lawton, the gneiss area broadens again to form Sugar 
Loaf and Goose pond mountains. The gneiss forming these hills is a 
moderately fine-grained mixture of quartz and feldspar with little or no mica 
and rarely hornblende. The dip is prevailingly steep to the east. Graphite 


* Bulletin Geological Society of America, V., p. 380. 
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is often present, especially along the western border of the area in Sugar Loaf 
and Goose pond mountains. This graphitic facies is very constant about one 
and one-half miles south-southeast of Chester (167). The gneiss here is a 
granular aggregate of quartz and feldspar with numerous graphite scales, and 
with a strike of N. 25° E. Mica is rarely present. Farther up the mountain 
the graphite is lacking. The Hudson river slate occurs in the same field, but 
was not found in contact with the gneiss. A fine-grained hornblendic schist 
occupies an intermediate position between the slate and the gneiss (167d). 

The stratigraphic relations of the gneiss to the surrounding formations — 
are highly interesting. The western face of the area is very precipitous at 
many points, especially at the southwest end. 

One and one-quarter miles east of Lawton, the Cambrian limestone crops 
out east of the road (193). The rock is finely crystalline, very hard, and in 
layers one to two feet thick. Weathering brings out a sub-bedding. The 
strike is N. 10° E., and dip 20° E. or towards the gneiss. About 300 feet 
to the east the gneiss rises steeply along a fault line. To the north of this, 
the slate overlaps the limestone and is faulted up against the gneiss. This 
fault line probably dies out to the north. On the western side of Sugar 
Loaf and Goose pond mountains is a flat-bottomed valley which narrows out 
to the south. 

The Cambrian limestone, of which there are several outcrops in this 
depression, rests unconformably on the gneiss and is, in turn, overlaid by the 
Hudson river slates, which form a narrow strip along the western side of the 
valley. The limestone either thins out to the south or is faulted out. To 
the north and east it underlies the lowlands and also extends northeastward 
to Oxford, appearing northwest of the station. 

There are good exposures of the limestone in the valley of Seely’s brook, 
two miles southwest of Oxford. The rock is not so hard as that east of 
Lawton, and varies considerably in the coarseness of its grain. A sub-bedding 
is common and several of the outcrops show a brecciated structure. The 
strike is N. 45° E., and the dip 30° E. 

The Hudson river shales appear along the road running southwest 
from Oxford along the valley of Seely’s brook (203). They are black or 
brownish. black shales which, in their upper portion, contain thin- quartzose: 
layers. At one locality along the road (203) fossils are not uncommon. The 
most abundant are Orthis testudinarva and crinoid stems, also fragmentary 
bryozoans. The slate is considerably broken and the quartzose layers which 
dip 30° E, of 8, are traversed by numerous slit-like cracks, which are approxi. 
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mately parallel and form an angle of 60 to 70° with the dip. Overlying the 
Hudson river shales with a slight unconformity, is the Oriskany quartzite 
which forms numerous ledges along the western face of this ridge. It isa 
hard, fine-grained grey or brown quartzite, traversed by numerous cracks 
which break the rock into angular fragments and surround each outcrop with 
a characteristic pile of debris. 

The rock is sometimes massive, at other times well bedded, giving a 
strike of N, 25° E. and dipping 40° S. H. At such points it contains slaty 
or shaly layers, which, however, seem to be rather the result of shearing 
action than sedimentation. On the eastern side of this ridge the quartzite is 
hard, fine-grained, massive, and of a hght red color, traversed by numerous 
milk-white streaks of quartz. There are about 100 feet of the quartzite in 
this ridge. 

On the western side of the ridge, the relations of the quartzites to the 
Hudson river shales are probably, as previously mentioned by Darton, those 
of an overthrust, since the Helderberg limestone, which underlies the 
quartzite at several localities in this belt, is missing, and the outcrops of 
the quartzite and shales are so close together that there is no room for the 
limestones. 

To the west, the Oriskany passes conformably under the Monroe shales, 
the two being separated by only a narrow valley. 

The Monroe shales are well exposed along the road from the valley 
of Seely’s brook to Monroe, and along the “dug road,” crossing the hill 
west of Long pond, which is south of Monroe. They are not infrequently 
fossiliferous, and at times resemble in appearance the Hudson river shales. 


Geologic Relations of the Area along Skunnemunk Mountain. 


From Monroe northeastward, the great synclinal fold of Devonian rocks 
extends as a high ridge nearly to Cornwall, where it ends somewhat abruptly. 
The southwestern end of the mountain is a gentle syncline, while the north- 
east end is similar, except that on the eastern side of the mountain the strata 
curve over and downward, forming an overthrown anticline. 

The crest of the mountain is formed of the Skunnemunk conglomerate, 
the characters of which have been already noted. It begins near the Seven 
Springs Mountain house, on the ledges a little to the northeast of it, and 
extends along the two crests of the mountain, giving rise to steep cliffs and 
rocky slopes. A considerable depression lies between the two crests, and its 
northern end is occupied by Barton swamp. The conglomerate is about 300 
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feet thick, as previously noted by Smock, and later corroborated by Darton. 
It passes into the underlying Bellvale flags, the intermediate beds being a 
grey quartzitic sandstone; the transition beds are, however, of less thickness 
than in Bellvale mountain. The lower beds of the conglomerate are to be 
seen behind the Seven Springs Mountain house, where they are interbedded 
with grey laminated sandstones. 

The Bellvale flags extend the entire length of the mountain, cropping out 
at numerous points on both slopes. They are thin-bedded, flaggy sandstones, 
which, in their lower members, have numerous shaly and concretionary layers. 

Aside from the outcrops on both sides of the mountain, the sandstones 
are exposed along the road leading from the main road west of Skunnemunk, 
up to the Seven Springs Mountain house (236). About one-quarter mile west 
of the Mountain house are the Davidson quarries at the cross-roads. Several 
openings have here been made, and a poor quality of flagging obtained. 
Some plant-remains occur in the quarry, northeast of the cross-road, and shaly 
layers appear in the southern lower part of the quarry face. The quarry is 
about 750 feet A. T. Professor Prosser records the finding of the following 
specimens of plants: Psilophyton princeps, Calamites, and aerial rootlets (2) 
of the latter. 

A short distance to the northeast of Davidson’s quarry, is Davidson’s 
coal-mine. This point is about one and one-half miles north of Monroe. 
The greyish flagstones of the quarry contain an abundance of carbonaceous 
matter, which led the inhabitants to believe that there was coal present. 
Remains of Pst/ophyton are numerous in the quarry. The species thus far 
recorded from here are, as already observed: Pst/ophyton princeps, Lepido- 
dendron gaspianum, Calamites transitionis and, according to Newberry, 
Dadoxylon ; Dawson, however, thinks the last to be Calamites radiatus. 

About one and one-half miles northwest of Monroe, on the southwest 
base of the mountain, and 300 feet lower than the Davidson quarries, are 
several small quarries on the land of O. H. Cooley. The rock is a thin- 
bedded sandstone, with shaly layers, which have been polished to a high 
degree by shearing. Concretions occur in the shaly layers and also in the 
coarse sandstone ledge to the northeast of Cooley’s largest opening. The 
shales contain abundant remains of plants, commonest among which is 
Psilophyton. Several of the others were submitted to Prof. Knowlton, but 
they were too fragmentary for identification. Prosser notes the finding of 
Celluloxylon primevum, as identified by Knowlton. The specimen found 


by Prosser represented the end of a stem protruding from the sandstones of 
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Cooley’s quarry. At the time of the writer’s visit in September, 1895, Mr. 
Cooley had uncovered the specimen to a length of twenty-nine feet. The 
“fossil tree” has a diameter of fourteen inches at the upper end and eight 
inches at the lower end. To this point it dips about thirty degrees along 
the bedding; the stem then makes a sharp turn, and can be seen extending 
downward several feet more at an angle of about seventy degrees. The dip 
of the sandstones is about thirty-five degrees to the east. 

Most of the rocks on the steep eastern side of Skunnemunk mountain 
are grey sandstones, which, in the second railroad cut north of Woodbury 
falls, contain plant remains, chiefly Ps¢/ophyton. 

The hills to the southeast of Skunnemunk mountain, between it and 
Hazard pond, or Cromwell lake as it is more commonly called, are probably 
underlaid by the Bellvale flags, but outcrops are very scarce, owing to the 
heavy mantle of drift. Several outcrops of sandstone were seen about 
three-quarters of a mile due north of Hazard pond, and to the north of 
this are some arenaceous shales, in which imperfect specimens of Chonetes 
were found. 

The Monroe shales underlie Skunnemunk mountain throughout its whole 
extent, but are best developed along its western and northwestern base. 
They are grey to black, fissile to slaty shales, and are not uncommonly 
fossiliferous. They crop out along the road south of Baggs clove (242) and 
on the eastern side of Skunnemunk mountain, are to be seen at the base of 
the mill dam at Woodbury falls, where the dip is nearly vertical. Their 
greatest development is in Pea hill, near Cornwall. There they crop out in 
great abundance, especially on the southwest side of the hill, where it rises 
steeply from Moodna creek (486). 

The shale also appears on the eastern side of Pea hill, near the obser- 
vation tower on the summit. On the south slope in the middle of a 
field about half-way up the hill, is an inconspicuous outcrop of a very 
hard, fine-grained red and grey sandstone (484), containing great quantities of 
fossils. The rock is. strongly cemented together with iron. The red sand- 
stone predominates. The following much distorted fossils were observed : 
Spirifer, sp.? Tentaculites, sp.? Meristella, sp.2 Orthis, sp.? Theca, sp.? 
Chonetes, sp.? Lehynchonella, sp. ? 

Along Moodna river, near the south end of Pea hill, is a cliff of hard 
sandstone traversed by numerous joints (485). Only one fossil was found in 
it, viz.: Pentamerella arata, Extending up the centre of the cliff is a strip 
of fine-grained, black, nodular rock, which is so hard as to break with 

27 
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difficulty. The nodules have a shell which resembles the sandstones into 
which the nodular rock shades. A section of this nodular rock shows it to 
be a portion of the sandstone which is firmly cemented with iron. 

The structure of Pea hill is probably that of a synclinal fold. The 
Monroe shales are underlaid by the Oriskany quartzite which, in Pea hill, isa 
coarse pebbly quartzite, massively bedded and very hard. There are good 
exposures of it along the road at the northeast side of Pea hill, where these 
fossils were found : 

Anoplia nucleata, 

Stropheodonta, sp.? 

Leptena rhomboidalis, 

Leptocelia flabellites. 

The Hudson river slates no doubt form the bottom of this synclinal 
fold, but outerops are lacking in the immediate vicinity. 

The general structure of Skunnemunk mountain is that of a much more 
open synclinal than Bellvale mountain to the southwest. But at the northern 
end, the flags and sandstones of the eastern limb turn over and downwards 
on to the limestones of the Helderberg and Cambrian, as already shown by 
Darton. 


The Relations along the Northwest Side of Skunnemunk Mountain. 


The Oriskany quartzite, which forms the ridge along the west side of 
Seely’s brook, southwest of Oxford, turns to the east, cropping out in the 
field below the road, half a mile south of Oxford station (144). At this 
locality, it is both coarse-grained and finely granular. The next outcrops are 
in a field about one mile due east of Oxford and west of the high-road. There 
are three small outcrops, which are hard reddish quartzite with white seams 
of quartz. Farther east, on Bull hill, are two small areas of the same for- 
mation of a more conglomeratic nature, and which rest on the Hudson river 
slates. They strike N. 40° W., and dip 55° N. E. This locality east of Bull 
hill is of considerable importance as affording an explanation of the strati- 
graphic relations of the rocks in this region. The quartzite area (439) is 
underlaid by a thin-bedded, shaly, dark grey limestone striking N. 60° E., 
dipping 35° S. E. In the limestones are numerous fragmentary remains of 
bryozoans, crinoid stems and corals, all of them too poorly preserved for 
identification. On examination of the specimens Professor Hall pronounced 
them to be lower Tentaculite limestone. Some years ago, N. H. Darton 
submitted some specimens from the same locality to Professors Hall and 
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Whitfield, who identified them as upper Silurian, and recognized the species 
Spiriter cyclopterus, Spirifer macropleurus and Orthis oblata. 

An actual contact of the limestone and quartzite is not visible, but the 
former passes unconformably under the latter. The relations of these two are 
probably those of an overthrust or overlap, as explained by Darton.* 

The Helderberg limestone overlies the Cambrian limestone unconform- 
ably. The latter outcrops,along a cross-road (440) just east of Bull hill, and 
a few hundred feet to the northeast of the Helderberg exposures. It is in 
thin shaly layers, which are seamed by numerous hair-like calcite veins. The 
rock is also full of cavities containing powdery limonite. In places the lime- 
stone is porous and nearly as light as wood, owing to the leaching out of the 
lime. It also, at times, presents a brecciated structure. The strike is 
N. 80° E., and the dip 30° 8. The Cambrian limestone appears again at the 
eastern base of Bull hill, near the southeast end, in the railroad cut at the 
south end of the ridge, on its western slope, and on the northwestern side. It 
presents variable dips and strikes, and overlies the gneiss of Bull hill uncon- 
formably, at least on the eastern and southern side of the ridge, but on the 
western slope the limestone is overlapped by the Hudson river slates, which 
rest unconformably on the western slope of the gneiss. The relations of the 
rocks of the small area are shown in figure 6. 

The Oriskany quartzite seen east of Bull hill, probably extends to the 
north, but is obscured by the heavy covering of drift to a point about one- 
half mile south of Round hill, where there is a small area resting on the 
gneiss. It next appears in the eastern slope and summit of a ridge between 
Round hill and Woodcock hill, again exhibiting the conglomerate facies, 
with an occasional layer of coarse sandy quartzite. The strike on the crest of 
the ridge (242) is N. 60° E., dip 30 to 40° S. The Hudson river slates form 
the western half of this ridge, extending to and along the southern base of 
Woodcock hill, where the stream has cut a deep gorge through them (245). 
A short distance southeast of this point, and along the road crossing the south 
end of Woodcock hill (246), the Cambrian, limestone appears. It is light 
blue, finely crystalline, and contains many calcite veins. It strikes N. 50° W., 
and dips 30° N. E. 

The quartzite is again seen at the edge of a small wood, south of the 
same road (247). It is here a coarse conglomerate, with a strike of N. 40° E., 
and a dip of 50° S. E. The limestone is seen just west of it, and underlies it 
with a slight unconformity, dipping 60° S. E. The limestone also appears at 


* Bulletin Geological Society of America, V , p. 367. 
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the base of the slope in a wood lot west of the previous exposure and south 
of the road. but the dip at this point is low to the west. Northeast of the 


/, 


ambrian Hudson Heldeberq Oriskany Hamilton 


Limestone River Limestone Quartzite Sandstone 
lates 


FiguRE 6. Geologic map of the area around Bull Hill. 
road, at the upper end of a small field, and at the edge of the woods, the 
Hudson river slates crop out at the foot of the slope (260), dipping under 


the quartzite and conglomerate, and forming the ridge between it and the 
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school house to the southeast. To the west of the shale, in the woods, are 
large outcrops of massive cherty limestone. It is not well bedded, but an 


anticlinal structure is clearly apparent. 
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Figure 7. Sections along the line of overthrust at the southern end of Woodcock Hill 
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The limestone, slate and quartzite continue northeastward in the valley 
east of Woodcock hill, with somewhat the same relations. 

An examination of the distribution of the limestone, shale and quartzite 
east and southeast of Woodcock hill, shows the presence of an overthrust, 
which increases to the south, the quartzite covering the limestone. These 
relations have been previously determined by Darton, and as the writer 
came to the same conclusions, the sectional drawing from Darton’s paper is 
reproduced here (Fig. 7). East of the north end of Woodcock hill, a spur 
of the gneiss, together with the limestone and shale, appears east of the road 
in Baggs clove. The gneiss is seen just east of the road (340), and the 
limestone and slate in the woods (341 and 342). The Monroe shales appear 
at the base of Skunnemunk mountain to the east. The Oriskany quartzite 
was not seen east of the road at this point, ‘but is exposed in the fields a 
short distance south. The gneiss, limestone and quartzite disappear to the 
north, either by thinning out or faulting under the Hudson river shales. 
The thin strip of Hudson river shale, between the gneiss and limestone east 
of Woodcock hill is pinched out of place. There is apparently a fault line 
between the limestone and the gneiss. 

There is a row of gneissoid hills or knobs northwest of the Skunnemunk 
ridge, which extends from Oxford in a northeast direction, parallel to Skunne- 
munk mountain, and as far as Cornwall. The relations of these to the rocks 
southeast and east of them have been already mentioned. 

To the west and northwest they are surrounded by Hudson river slates, 
which rest unconformably on their slopes. The names of these gneissic 
hills are Bull hill, Ranier hill, Round hill and Woodcock hill. There is an 
additional small area near Washingtonville. These hills were no doubt — 
islands in the seas of Hudson river time. 

There is a great similarity in the gneiss forming these knobs, the normal 
facies being a granular mixture of quartz and feldspar, with little or no mica. 
Nearly all of the outcrops show evidence of dynamic action in the invariable 
presence of sheared surfaces. The sections often bear additional evidence 
of this fact. 

The gneiss of Bull hill is in two areas, a northern, and a southern one 
which extends just across the Erie railroad track. The northern area presents 
a very steep northwest face. On the summit near the north end, a large 
opening has been made for iron-ore. The strike of the gneiss is N. 30° E. 
and the dip 40° 8. E. The magnetite follows the dip, and, according to 
the old inhabitants of that vicinity, has been worked to a depth of 150 feet. 
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A drift was run in at the foot of the east slope of the hill for drainage 
purposes. Both the hanging and foot-wall of the ore-body are of hornblendic 
gneiss, outside of which is the normal gneiss. The ore is very lean, and 
has a considerable admixture of quartz. No faults or dykes were observed. 
A sectional drawing of the ore-bed is here given. 

A section of the hornblendic wall-rock shows it to be a mixture of green 
hornblende and some plagioclase. Much of the latter is kaolinized. The 
hornblende individuals are much bent and broken. 

The sections of the normal gneiss show a mixture of quartz and 
plagioclase feldspar, with little or no mica. The cleavage and other cracks 
of the feldspar are beautifully coated with limonite. Magnetite occurs 
sparingly in grains. Fine microperthitic intergrowths were not uncommon. 

At the eastern base of Bull hill, near the south end, the gneiss presents 
the appearance of being broken by a step-fault, the rock forming a gentle 


Figure 8. Section of Bull Hill, northwest of Monroe; showing iron mine.and drift intersecting the 
ore-body. 


G., Pre-Cambrian gneiss; H., Hornblendic wall-rock; H. R., Hudson river slates; C., Cambrian 
limestone. 


slope on the west side of the wood-road, and a perpendicular one on the east 
side, which slopes gently to the east on its other side. 

The Hudson river slates pass between Bull hill and the next gneiss 
knob to the northeast. 

The road north of Rainier hill passes between two knobs of gneiss. 
The latter outcrops on both sides of the road (238). It is massive, and gives 
no good dips, but the strike is about northeast and southwest. The slate, 
no doubt, formerly extended through this cut, but it has been removed by 
erosion, and is not met with up to a point about 300 feet east of the brook 
west of the hill. To the north and south of the road, the slates extend some 
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distance up the flanks of the hills. The road swings around to the north and 
intersects another, which turns east along the north side of Round _ hill. 
This road traverses the hill until it rises steeply about three-quarters of a mile 
west of the cross-roads. At this point (241), the gneiss is again met, cropping 
out along the roadside. It is very massive, and farther up the hill becomes 
very hornblendic. The rock is deeply stained with iron. The strike here 
is N. 40° E., and the dip 70° 8S. E. An opening for magnetite has been 
made at the summit of the hill. The slate appears with a western dip 
within twenty feet of the gneiss, and evidently rests on it unconformably. 
It shows numerous local crumplings. The gneiss extends along the south 
side of the road, as far as the school-house at the cross-roads; while the 
slate forms the slope to the north of the road. Toward the school-house 
the gneiss becomes more granitic and coarse-grained. Layers of graphitic 
schist and pegmatite veins are very numerous at this point. Woodcock hill 
to the northeast is quartzose gneiss, with much graphite in the exposures 
at the north end of the hill. The strike at the north end is N. 80° E,, 
the dip 70° E. The constant eastern dip in this range of gneiss hills is 
noticeable. A spur of the gneiss crosses the road to the east, and is seen in 
the woods within a few feet of the limestone (840). To the north the gneiss 
disappears under the slate. 


Geology of the Region East and Southeast of Skunnemunk Mountain. 


The Cambrian limestones which are seen in the valley north of Green- 
wood lake are covered by drift as far as the valley of the Ramapo, 
east of Monroe. The limestone extends from a point about two miles 
south of Monroe, eastward to Turners, and a short distance beyond that point 
in a southeasterly direction. The most western exposure is in the road-bed 
a few hundred feet east of the Clove mine, and neara large barn. At this 
point it is thick-bedded and intersected by numerous joints. <A little farther 
to the east at the cross-road (220), the limestone is argillaceous and shaly, 
with a barely perceptible dip to the northwest. The outcrops show a similar 
shaly character at the other end of this cross-road (445) with a low northeast 
dip. In the limestone quarry to the north, the rock is massively bedded and 
hard. The limestone here is light bluish grey, in layers six inches to two 
feet thick, and fine-grained. It has a low dip of twenty degrees to the north- 
west. The rock is much weathered along the numerous vertical joints, and 
contains many small cavities lined with crystals of quartz and calcite. About 


twenty-five feet are exposed, 


‘NIVLNQOW YNAWSNNAMS JO LSAMHLYON SONy GIOSSISND Vv ! TH GNNOY 


“Oo GuOIMNVUS 30 


‘6 BENdI4 


MN GOON ANY 


Rirs—Grorocy or ORANGE County. 425 


As the Highlands east of Turners are approached, the dip continues to 
be northwest, but becomes steeper. Southeast of Turners, and just east ot 
the Erie railroad, the dip is N. W. 45°, while in the quarry north of Arden, 
where the limestone is seen in contact with the gneiss along a fault line, the 
dip is nearly vertical, but in the upper portions of the quarry the layers turn 
over slightly, the dip being to the west. The limestone in the quarry is dark 
blue, finely crystalline and in layers of variable thickness. The strike of the 
limestone is N. 45° E. The contact between the gneiss and limestone in the 
upper part of the quarry is easily seen. 

When the furnaces at Greenwood and Southfield were running, the 
quarry was important as a source of flux. 

The northwestern boundary of the Turners limestone area extends from 
one mile east of Monroe to the southern end of Pine hill, in Woodbury town- 
ship. The eastern edge skirts the gneiss ridge as a line of knolls, usually 
covered with a veneer of gravelly drift. Much of this limestone area has a 
heavy drift covering, and includes the large, swampy meadow tract between 
Turners and Central Valley. 

South of Central Valley (277), the limestone strikes N. 50° E., and dips 
70° N. W. Northeast of Central Valley, the limestone area narrows very 
much and extends up the shallow valley between Pine hill and the Highland 
ridge. In this valley it underhes the Oneida conglomerate. At the north 
end of Pine hill it dies out suddenly by thinning or faulting, but reappears 
in a short strip from Woodbury falls to Mountainville. 

Pine hill is a narrow ridge lying east of Skunnemunk mountain. It has 
a steep eastern face and a gentle western slope. The members of the Medina 
formation, both with a western dip, give rise to the elevation. The-eastern 
half and face are composed of the Oneida conglomerate, which is a coarse 
quartzite in its upper portions, but exhibits the usual aspect of the formation 
in its lower beds. The quartzite grades upward into the Longwood red 
shales, which form the western slope of the hill. The transition is well 
shown in the northwestern slope of Pine hill. 

The Longwood shales in Pine hill are of a bright red color; they vary 
from a shale to a shaly sandstone, and are about seventy-five feet thick. At 
the north end of the hill the shale strikes N. 60° E., and dips 80° N. W., but 
this is somewhat steeper than the usual dip. The conglomerate strikes 
N. 60° E. and dips 50° N. W. The cleavage is a prominent feature of the 
shale, and dips to the southeast. It is well shown in the road-metal quarries 
at the southwest side of the hill. 
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The shales and conglomerate terminate at both ends of Pine hill by 
faulting or thinning out. 

The Longwood shales are overlaid by a thin covering of Helderberg 
limestone, with small amounts of limonite along the contact. . The outcrops 
of the Helderberg are a short distance northeast of Highland mills. They are 
siliceous in character, and the following fossils have been recorded by 
Darton: Orthis oblata, Leptena rhomboidalis, Spirifer macropleurus. The 
Helderberg limestone dips unconformably under the Monroe shales, due 
to a probable overthrust; but no actual contacts are observable on account 
of the drift. Another exposure of possible Helderberg limestone occurs 
one mile south of the Highland mills station (271). 


The Area West of Cornwall. 


West of Cornwall station is a small ridge holding several members of the 
Medina and Helderberg formations. The relations of this area were briefly 
referred to by Professor W. B. Dwight* some years ago, and subsequently in 
greater detail by Darton.+ Figure 10, giving map and sections of this area, 
is adapted from Darton’s paper. 

The eastern side of the hill, a few rods from the Erie railroad, is formed 
of coarse-grained red siliceous conglomerate (Oneida), with red sandstones 
and shales of Medina age. The conglomerate is massive and the bedding 
irregular. 

At the northern end of the hill, in a cut of the New York, Ontario and 
Western railroad, there is exposed a section of the Helderberg limestone, 
which lies west of and over the Medina beds, forming the eastern face of 
the hill. 

The members exposed in the cut are: 

Medina sandstones, shales and conglomerate,. . . . 25 feet. 
Tentaculte imestonegey ee gee eh hee eet Oo 
Pentamerus and shaly limestone,. . .~ 40 = 

The beds strike northeast with a dip of ay 90°, a there is no sharp 
distinction between them. Veins of quartz and limonite are common along 
the bedding planes. 

There are several exposures south of the road crossing the ridge and at 
points where limonite has been mined, but as they were covered with debris 


at the time of the writer’s visit, Darton’s account of them is quoted: 


*W. B. Dwight, Trans. Vassar Bros. Inst. 
+N. H. Darton, A. J. S. 3, XXXI., p 209. 
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“In a small quarry, about one hundred feet south of the cross-road, the 
water-lime rocks are exposed for a thickness of about three feet, and the 
sandstone outcrops a few feet to the east. The dip is N. 65° W. 85°, and the 


Ficgure 10. Map and sections of Region west of Cornwall. 


M., Oneida conglomerate; L., Longwood shales; T., Tentaculite limestone; P., Pentamerus limestone ; 
S., Shaly limestone; O., Oriskany quartzite; H., Monroe shales. 

thickness is twelve feet. The Pentamerus and Water-lime disappear by 

thinning out or faulting, and the Shaly limestone lies directly on the Long- 

wood shales, while along the contact are beds of limonite. The Shaly 
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limestone contains an abundance of fossils, which are easily obtainable in 
the limonite pits south of the cross-road.” 

The Helderberg rocks probably extend around the Oriskany of Pea hill 
to the southwest, but there are no outcrops, owing to the heavy covering of 
drift. 

The Longwood shales at Cornwall are light-colored, thin-bedded quartz- 
ites in their upper members, and red and green shales in their lower ones. 
To the east they are underlaid by the Oneida conglomerate. This conglomerate 
forms another ridge further west. Northeast of Mountainville, the Longwood 
shales crop out along the road to Orr mills. 


Geology of Deer Park Township. 


Shawangunk mountain extends across the eastern edge of the township, 
and separates it from Greenville and Mount Hope townships to the east. 
Its rounded crest has an elevation of 1,200 to 1,400 feet, being highest at 
the northern end of the township. ‘The lowest point in the ridge is west of 
Otisville, where the Erie railroad passes through. The cultivated eastern ° 
face of Shawangunk mountain is underlaid by Hudson river slates and 
sandstones, while the steep, wooded western face is formed of sandstones 
and conglomerates of Medina age. 

The Hudson river formation consists of westwardly dipping shales and 
red and grey sandstone beds of variable thickness. No fossils were found 
in them at this locality. These beds underlie the Shawangunk grit with a 
slight but constant unconformity. The boundary between the two along 
the crest of the mountain is generally marked by a swamp, along whose 
western side the Oneida conglomerate rises as a low cliff. The sheared 
surfaces give evidence of movement along the contact of the slates and 
conglomerate. There are, also, along the contact, numerous small fissure- 
veins bearing lead and zine intermixed with quartz. The quartz crystals 
often show a fine zonal structure, due to their intermittent growth. <A 
breccia occurs in the vein at Guymard, six miles northeast of Port Jervis. 
The fissure vein at this locality is the largest found in the county. It is 
three to four feet wide and several hundred feet long, and has been exten- 
sively exploited in former years. It is no longer worked. The vein occurs 
in Shawangunk grit, but probably extends down into the conglomerate. 
The ore consists of galena and sphalerite disseminated through quartz. The 


quartz crystals often occur in radiating clusters. Another opening for lead 
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and zinc has been made at the summit of the ridge above Guymard, also at 
the summit west of W. C. Tymeson’s house, three-quarters of a mile north of 
Otisville. 

The unconformity between the Oneida conglomerate and Hudson river 
slates is finely seen in the railroad cut, half a mile west of Otisville, and also 
on the north side of the road from Finchville over the mountain to Guymard. 
This unconformity indicates an uplift at the close of the Hudson river period, 
and erosion of the surface of the Hudson river deposits. Considerable 
folding also took place. The Oneida conglomerate and Medina sandstones 
were deposited during a period of increasing submergence. 

In the lower portion of the Medina formation there are about forty feet 
of coarse quartz conglomerate, with interbedded layers of shale. This passes 
upward into the Shawangunk grit, which is extensively opened in the 
quarry west of Otisville. The rock dips 30° W., and strikes N. 40° E. 
It is a fine-grained, bluish grey, gritty quartzite, in layers four to twelve 
inches thick, and of very constant character. In the topography it creates 
steep wooded slopes covered with a stunted growth of trees. The grit 
has a thickness of about 750 feet. It passes upward into sandstones and 
shales of Medina age. The sandstones are seen on the western slope of 
the ridge along the road from Finchville to Shin hollow, and a short distance 
before reaching the railroad track. They are thin-bedded red sandstones and 
shaly sandstones in layers from one inch to a foot thick. At times they are 
micaceous and sometimes have small grains of pyrite, as above Guymard. 
Vhe strike above Shin hollow is N. 40° E., and the dip, 60° W. (Elevation, 
910 feet A. T.) Along the road across the mountain east of Greenville, the 
strike is the same, but the dip is 84° W. The red sandstones pass upward 
into greenish grey shales, which are exposed in the railroad cut south of 
Shin hollow. They are very fissile, and the surface of the thicker and harder 
layers is covered with reticulated cracks. 

West of Shawangunk mountain is a depression, followed by the Helder- 
berg ridge holding the Helderberg limestones and the Oriskany and Esopus 
formations. The Helderberg ridge, with its subordinate crests and ridges, 
is parallel to the Shawangunk mountain, from Port Jervis to the northern 
limits of the county, and beyond. The structure of the ridge is that of a 
monoclinal, with a system of gentle transverse flexures, each hill representing 
a low anticlinal, while the roads which cross the range he in the synclinals. 

All the rocks in this ridge have a prominent cleavage, which becomes 
more marked with the ascent in the series, and the bedding is often totally 
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obliterated. Owing to the heavy covering of forest growth, outcrops are 
comparatively scarce. The best sections to be obtained are at the southern 
end, east of Carpenter’s Point, and at the northern end, east of Cuddeback- 
ville, and chiefly on the property of Cornelius C. Cuddeback. 

The lower members of the Helderberg limestones are separated from the 
upper beds of the Medina, which they overlie with a possible slight uncon- 
formity, by a narrow, shallow valley. The Coralline limestone may lie in this 
valley, but if it does, the drift covers it entirely and, furthermore, it must be 
but a few feet thick in places, as at Shin hollow, where the Medina and 
Helderberg are found quite close together. 

About three miles southwest of Otisville, on the land of Mr. Cuddeback 
previously mentioned, are several small parallel ridges, with steep eastern 
slopes, which illustrate fairly well the Helderberg sections at this locality. 

The first ridge is a few feet west of the road, and the south end of it is 
right behind Mr. Cuddeback’s house. At this point, and near the summit 
of its short, steep eastern slope, are small ledges of the Tentaculite limestone 
(62a). It isa hard, fine-grained, dark bluish rock, with a sub-bedding that 
shows prominently on the weathered surface. The beds strike N. 30° E., 
and dip 385° N. W. ‘There is an irregular cleavage, which dips steeply to 
the southeast, and along which the rock parts very easily, while it breaks with 
difficulty parallel to the bedding. 

The total thickness of the Tentaculite limestone exposed in this ledge is 
about twelve feet. Certain layers contain abundant remains of Leperditie and 
Meristina, and the lower layers of the ledge also furnished a few specimens 
of Fuavosites minima. 

Ledges near the summit of the same ridge, but about 600 feet farther 
north, consist of layers of impure and sometimes shaly limestone (62b), 
which contain an abundance of fossils, indicating a mixture of Tentaculite 
and Lower Pentamerus faunas. The species found were: Leptena rhomboi- 
dalis, Stropheodonta varistriata, Rhynchonella, sp., Actinopteria, sp., Cypricar- 
dinia lamellosa, Zaphrentis, sp., Leptostrophia, sp., Pholidops, sp. Spirifer 
Vanuxemt, Dalmanites, Beyrichia, mclading one large form about three- 
quarters of an inch.Jong. 

At the south end of the ridge and just west of 62a, is a second and 
somewhat lower crest, formed of a hard, bluish grey, fine-grained limestone, 
with conchoidal fracture and irregular cleavage (62c). It contains no fossils 
and dips westward under a coarsely granular limestone, which forms a small 
knoll (63), surmounted by a walnut tree. It seems to be a portion of the 
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Tentaculite, for the lower layers of the knoll contain Tentaculite fossils. 
The limestone beds of the knoll dip 35° N. W., and strike N. 40° E.; their 
total thickness is about six feet, and they probably represent the transition. 
from Tentaculite to Lower Pentamerus. Stropheodonta varistriata is present 
in considerable abundance. 

These beds are overlaid by eight feet of Pentamerus limestone, which 
forms a second knoll, and contains a number of imperfect fossils, besides an 
abundance of Pentamerus galeatus, Havosites and Stromatopora cf. concentrica. 

These Pentamerus beds dip northwestward at the usual angle, 
forming a short ridge about fifty feet to the northwest. The lower beds 
of this ridge are the Pentamerus limestone, which passes into the Cats- 
kill shaly limestone, forming the upper half of the section exposed in 
this ridge. 

The Catskill shaly beds strike N. 40° E. and dip 35° N. W.; they have 
a pronounced cleavage, and are sometimes quite arenaceous. The usual 
number of distorted fossils is present, with Spirifer macropleurus in great 
abundance. The other species from the shaly layers which were identified 
with certainty, were: Spirifer cyclopterus, Orthothetes, sp., Leptena rhomboi- 
dalis, Spirifer perlamellosus, Iehynchonella, sp., Cewlospira, sp., Pholidops, sp. 

The lower, more massive layers, exposed in the eastern face of the 
ridge, and representing the transition from the Pentamerus to the Shaly 
limestone (66a), afforded Orthis oblata, Lhynchonella, sp., Henestella, sp., 
Stropheodonta punctulifera, Hatonia singularis, Stropheodonta Becki, Calospira 
dichotoma, Spiriter cyclopterus, Stropheodonta varistriata, var. arata, Penta- 
merus galeatus, Havosites, sp., Astylospongia inornata, Orthis, sp., Dalma- 
nites, sp., and Ostracode remains. 

The total thickness of the Pentamerus limestone in this ridge and the 
two knolls (68) previously mentioned, is about fifty feet. 

The Catskill shaly limestone beds exposed in the short ridge aggregate 
about fifteen feet in thickness. 

There is a depression about 300 feet in width between ridge 66 and the 
next one to the west (67), which is formed by the cherty limestones and 
arenaceous shales of the Oriskany. This ridge skirts the Neversink river. 
The upper shaly layers apparently do not contain any remains, but the lower 
cherty ones are very fossiliferous, and extend nearly to the summit on the 
eastern slope of the ridge. Lptocelia flabellites and Spirifer arrectus are 
present in great abundance, while the other species found were: Platyostoma 
ventricosum, Platyostoma depressum, Beyrichia alta, Platyceras, sp., Fehyncho- 
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nella, sp., Tentaculites, sp. The total thickness of the Oriskany exposed in 
this ridge is about one hundred feet. 

There are several ledges of Catskill shaly and Lower Pentamerus lime- 
stones in Mr. Cuddeback’s lane, south of ridge 66, but their character is the 
same as in the outcrops previously described. 

The accompanying sketch gives the section from east to west across Mr. 


Cuddeback’s land. 


Figure 11, Section across the Helderberg ridge, two miles southwest of Otisville. 


The approximate thickness of the different members, as exposed in this 


section, is: 
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The next good series of Helderberg exposures is four miles southwest of 
Otisville, and one mile slightly northeast from Rose Point. The greyish blue 
Helderberg limestone forms a series of low ledges at the southern end of a 
large ridge. These ledges are in a field west of the road, opposite a large 
pond. About fifty feet of cherty limestone of Lower Pentamerus age, are 
here exposed. Fossils are abundant, and nearly all of them are silicified. 
These layers are also probably near the transition from the Lower Pentamerus 
to the Catskill shaly limestones. 

The following species were determined : Spirifer macropleurus (common 
in the upper layers), Orthis planoconvexa, Trematospira formosa, Orthis 
biloba (common), Cyrtina Dalmani, Leptena rhomboidalis, Dalmanites 
micrurus, Spirifer arrectus, Pentamerus galeatus, Spirifer perlamellosus, 
Stropheodonta, sp., Bryozoans on Loxonema, Lichenalia, sp., Lehynchonella, 
sp. Zaphrentis, Havosites, Orthothetes, sp. Lingula, sp. Aulopora, sp., 


Cladopora, sp. 
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The same beds are much better exposed in an old fime quarry in the 
woods (76) a few hundred feet to the north. 

The Pentamerus limestone is there well exposed with a thickness of 
about thirty feet. The beds strike N. 40° E., and dip 45° W. Fossils are 
abundant in the upper half of the section, the recognizable ones being: 
Pentamerus galeatus, Spirifer perlamellosus, Spirifer cyclopterus, Leptena 
rhomboidalis, Anastrophia Verneuili, Astylospongia inornata, Rhynchonella 
equivalvis, Atrypa reticularis, Zaphrentis, sp., Favosites, sp. 

Stromatopora concentrica is very abundant near the base of the section, 
the lower layers of which may represent the upper part of the Tentaculite 
limestone. 

About half-way between 39 and 76, and a few feet farther to the east, 
is a small quarry by an old limekiln (138). The beds exposed here are 
much sheared, dark grey Tentaculite limestone, containing abundant remains 
ot Meristina, Leperditia, Spirifer Vanuaemi and Stropheodonta varistriata. 

From this exposure to the Shawangunk grit exposures at the base of the 
mountain to the east, is not less than 600 feet; there are, however, no out- 
crops. Just what formations underlie this interval is uncertain. The red 
Medina sandstones probably underlie a portion of it, and they crop out in 
the same valley about two miles farther south. The Coralline limestone may 
also be here, but if so, is concealed by the drift. 

On the slope of the field bordering the river, and about fifty feet east 
of outcrop 39, there are several outcrops of grey and blue-grey, shaly and 
arenaceous limestones of Oriskany age. Their total thickness is probably not 
over fifty to seventy-five feet. A prominent easterly dipping cleavage exists, 
but the dip could not be determined (40). Fossils are not uncommon, and 
are abundant in the calcareous layers, especially in the outcrops near the foot 
of the slope. The list of species collected is as follows: Avicula, sp., Fenss- 
elaeria, sp., Chonostrophia complanata, Leptocelia flabellites, Tentaculites 
clongatus, Platyostoma depressum, Strophostylus ?, Discina grandis 2, Spirifer 
arrectus, Merista lata, Pterinea, sp., Tentaculites, sp., Stictopora, sp., Edrio- 
crinus sacculus, Leptocelia dichotoma, Lingula, sp., Hatonia peculiaris. 

The Oriskany forms a series of ledges on the west slope of the hill, on 
which the limestone ledges 39 and 76 occur. The most southern outcrop 
on the ridge is just west of 39, where there are small ledges (40) of arena- 
ceous and shaly limestones. Fossils are not uncommon in the more calcareous 
layers, and the following species were found at this point: Spirifer wrrectus, 
Bryozoa, Stictopora, sp., Ldriocrinus sacculus, Leptocelia dichatoma, Platyo- 

28 
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stoma depressum, Lingula, sp., Hatonia peculiaris, Meristella, sp., Discina, 
sp., Zentaculites, sp. ‘Thickness here fifty to seventy-five feet. 

From this point the Oriskany extends northward along the base and 
western slopes of the Helderberg ridges. It consists of shales and impure 
shaly limestones, which at times are very arenaceous. The usual strike is 
N. 30° E., and there is a pronounced cleavage. 

From locality 40, the Oriskany extends ‘southwestward to Port Jervis, 
forming the western face of the Helderberg ridge. The formation preserves 
the same characters that it exhibits east of Cuddebackville, but there is an 
apparent increase in thickness, and east of Carpenter’s Point the Oriskany 
must be 100 to 125 feet thick. 

The Exopus slate (= Cauda-galli grit).is first seen east of Huguenot, along 
the Neversink river. It increases rapidly to the southeastward, bemg no less 


UR 


FIGURE 12, Section across the Neversink valley at Cuddebackville. 


H. R., Hudson river shales; M., Medina; P., Helderberg limestone; O., Oriskany; D., Drift; 
H., Hamilton; C., Chemung. 


than 700 feet thick east of Port Jervis. The formation consists of black, fine- 
grained slates, passing upward into grey grits. The members have a marked 
easterly dipping cleavage, and the true bedding is rarely visible. The black 
slaty members are finely exposed in the railroad cut of the Erie railroad, one 
and one-half miles northeast of Port Jervis, while the grits appear along the 
Neversink river, especially southeast of Huguenot. 

The Esopus formation gives rise to narrow, rough ridges, which at times 
suggest the presence of possible step-faults, but this fact is not certain. To 
the north, the Esopus slate passes under the alluvium of Neversink valley, 
north of Huguenot. 

The Helderberg formations reach their greatest development in the 
region just north and south of the boundary line between New York and 
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New Jersey, and their thickness is considerable. The following section is 


shown in Bennett’s quarry (Barrett, 1878) : 
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This entire section is not exposed in the face of the quarry, but is 
included in the ridges to the west, between the quarry and the railroad. The 
fossils are abundant in nearly all the layers, and a full list has been given by 
Barrett. The upper portion of the Upper Pentamerus is noteworthy on 
account of being crowded with trilobite remains. The relation of these beds 
to the Oriskany has been suggested by Barrett and demonstrated by 
Beecher.* They form the crest of the ridge known as the Trilobite ridge, 
in whose southeastern face the quarry hes.+ 

Between Bennett’s quarry and that east of Cuddebackville, there are 
few outcrops of the Helderberg limestone. There is a good exposure of the 
shaly limestone at a point just south of the intersection of the roads from 
Shin hollow and Huguenot (77). It strikes N. 40° E., and dips 60° W, (540 
feet A. T.) Fossils are not uncommon, especially Spirifer macropleurus, 
Eatonia medialis, Leptostrophia Becki, Orthostrophia, Celospira imbricata, 
Orthothetes Woolworthana, O. punctulifera, O. radiata. 

No exposures of the Clinton or Niagara were found, though they occur 
in Nearpass’s quarry, south of the state line. 

The Oriskany sandstones and impure limestones and the Esopus slates 
and grits dip westward under the gravelly dip of the Neversink valley, and 
the middle and upper Devonian formations rise from the valley on its western 
and northwestern edge. 

The Onondaga limestone unconformably overlies the Esopus slate at 
Carpenter’s Point (83). It forms Carpenter’s Point and crops out along the 
road opposite the cemetery entrance. It is a grey limestone, in layers a few 
inches thick, and contains numerous elliptical flint nodules, from one inch 
to a foot long. The weathering of the limestone give it a rough surface, 
caused by the irregular projecting chert nodules. ‘These nodules sometimes 


* Amer. Jour. Sci., Vol. 45, p. 410, 1892. 
+ Mr. Gilbert van Ingen has given the writer considerable information concerning the region east of Port Jervis. 
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contain fossils* The Corniferous limestone sometimes has a dip of 20° to the 
west. It extends northwestward up the Neversink valley, but is. buried by 
drift. A small outcrop occurs north of Port Orange, in the rear of C. Norris’s 
house, with a strike of N. 50° E. and a dip of 70° W. Some of the layers at 
this locality are quite shaly. The thickness of the Corniferous limestone at 
Port Jervis is given by White* and Prosser+ as 200 feet, and this seems a 
very reasonable estimate. 

The Marcellus begins as a ledge of hard grey slate at the bend of the 
Delaware river, with a cleavage dipping steeply to the southeast, and extends 
up the Neversink valley, the lower members being buried under the drift, 
the upper ones dipping under the Hamilton shales. At the north end of 
Port Jervis, the Marcellus is exposed at the base of a steep hill, and here 
consists of bluish black, fine-grained shales, which dip under the Hamilton 
rocks that are exposed farther up the hill. The dark arenaceous Marcellus 
shales also outcrop at the base of the ridge along the western side of the 
Nevyersink valley. Those at the base of the hill along the railroad, at Rose 
Point are, according to Prosser,{ probably near the boundary between the 
Marcellus and the Hamilton. 

The total thickness of the Marcellus shales in the Neversink valley is 
about 800 feet. The Hamilton rocks which overlie them have a thickness 
of about 1,400 feet in Deer Park township. They consist of arenaceous 
shales and shaly sandstones, passing upward through a calcareous zone 
into argillaceous shales containing fossils. 

C. S. Prosser has noted a number of Hamilton localities within the 
township and a list of the fossils found at each. They are, beginning at the 
south, as follows: 

Arenaceous shales and sandstones of lower Hamilton age forming ledges 
of a high hill just north of Port Jervis (1,477 Al of C. 8. P.). 

One mile and one-half north of Port Jervis are coarse-grained ledges of 
arenaceous shales and sandstones on the east side of the road (1,477 AQ of 
C.8. P.). They contain Spirifer granulifer in great abundance. 

A short distance farther up the road, are coarse, fossiliferous, arenaceous 
shales, forming ledges on the hillside above the road (1,477 A8 of CG. 8. P.). 
This zone, which was called Genesee by I. C. White, contains numerous fossils. 

On the east side of the road, a quarter of a mile south of Sparrowbush, 


occurs another ledge consisting of coarse arenaceous shales, which carry 


* Pennsylvania Geological Survey Report, G. 6. 
+ Bulletin United States Geological Survey, No. 120. 
¢ Tbid., p. 45. 
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abundant remains in certain layers. The rock dips N. 25° W. 10°, and 
shows cleavage planes dipping at a high angle to the southeast (1,477 A8 
or CS. P:): 

Farther up the Neversink valley, a short distance north of Rose Point, 
along the west side of the railroad, are coarse blue arenaceous shales, with 
sandstones one foot or more in thickness. The dip is 45° W. and the strike 
N. 30° E. Fossils are common (1,478 Al of C.S. P.). 

Prosser’s most northerly station of Hamilton rocks in the township is 
northwest of Cuddebackyille and one mile northeast of Rose Point, where 
the black argillaceous and arenaceous shales crop out at the base of the 
hill. ‘The ledges farther up the hill contain abundant Hamilton fossils (1,478 
Bio CPS. :P.): 

Following the road westward from Huguenot over the hills to Hones- 
ville, the following beds were observed. 

A short distance west of Huguenot (66) were black indurated shales and 
sandstones of Hamilton age, in layers about one inch thick. They strike 
N. 40° E. and dip 30° W. 

About one mile farther (67), at 700 feet A.'T., coarse sandstones, striking 
N. 50° E. and dipping 30° W. were met. They are thinly bedded and con- 
tain numerous plant stems, as well as fair specimens of Lepidodendron 
gaspianum. A mile and one half west of Huguenot, at a bend in the road (69), 
and 710 feet A. T., with the strike and dip the same as before, are calcareous 
sandstones with an abundance of fossils in certain layers. 

The remains are closely packed together. Those determinable were: 
Spirifer mucronatus (very common), Spirifer granulifer, Spirifer fimbriatus 
(showing the dermal spines), Spirifer audaculus, Leptodesma Logersi, Chonetes, 
a small form of @ coronata or syrtalis, Chonetes scitula, Nuculites triqueter 
(small form), Spirifer mesastrialis, Leptodesma, sp., Microdon, sp., Tropi- 
doleptus, sp., Phacops rana, Gonitophora, sp. Athyris sp., Tropidoleptus 
carinatus, Leda diversa, Nuculites oblongatus, Grammysia sp. Lingula, sp., 
Levorhynchus, sp. plant stems. The plant, stems occur in the same layers 
with the shells, and concretions are not uncommon. I regard this outcrop 
as of Hamilton age. 

At the summit of the ridge (70), 1,265 feet A. 'T., the bluish grey sand- 
stones appear and, a little farther on, interbedded red shales which strike 
nearly north and south, and dip 20° W. These red shales crop out along the 
road through the woods to the west at several points. This region is an 
elevated flat-topped ridge covered with a thick growth of scrub-oak. 
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After passing the cross-roads at a small post-office, three miles north of 

Sparrowbush, and turning down the valley to the south, there are abundant 
exposures of the grey Chemung sandstones. They are well seen in Robert 
Coulter’s quarry, north of Sparrowbush, where they strike N. 40° E. and 
dip 10 to 20° W. The quarry face is thirty feet high. The rock is a grey 
dagey sandstone, heavily bedded in the lower portions of the quarry. Jt 
is traversed by numerous joints, whose faces are often lined with quartz 
crystals, 
The Chemung formation of Deer Park township consists for the most 
part of greyish sandstones, which are sometimes thinly bedded. In the 
southern portion of the township the boundary is x2uch farther to the west, 
and on account of the scarcity of fossils there is some difficulty in fixing 
the exact eastern limits. 

Prosser gives several Chemung localities in his bulletin on the Devonian 
of Eastern New York and Pennsylvania. They are: 

A mile east, up the road from Rose Point and below Mr. McCarron’s 
house, are thin flaggy sandstones of a greenish grey color, which contain 
Chemung fossils (1,478 A2). Prosser lists several species, and the following 
were found by the writer: Zropidoleptus carinatus, Chonetes, sp. Tentacu- 
lites, sp. 

Near the top of the hill, and north of the road, is Meyer’s quarry (47). 
The rock is a bluish grey flagstone, with shaly partings. Fern stems occur 
in some of the layers, which dip 13° N. W. 

From McCarron’s house up to the school-house, along the same road, are 
many outcrops of thin-bedded bluish grey sandstones, with occasional shaly 
partings. They strike N. 30° E. and dip 30° W. (46). 

About 500 feet north of the school-house is Jackson’s quarry. ‘The 
rock is bluish grey Chemung sandstone, with joints running N. 30° E. and 
N. 30° W. The layers strike N. 60° E. and dip 25° N. W. About fifteen 
feet are exposed in the quarry. The lower beds are thicker and contain 
fragmentary plant-remains. j 

Two miles west of north of Brookville and three miles northeast of 
Cuddebackville, is the Ferris quarry, 1,220 feet A. T. The rock is a coarse 
grey sandstone, with partings of greenish to olive argillaceous shale. It dips 
18 to 20° and 40° W. of N. Prosser considers this to be the same horizon 
as the Starucca sandstone. 

Below is the section along the Delaware river, from Pond Eddy to Port 


Jervis, as measured by White and modified by Prosser : 
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5,100 feet. 
Hupson Rrver Suares anp Sanpstones. The rocks of this formation 
cover such a large portion of Orange county, probably two-thirds of its area, 
that they deserve special mention. 
In the western portion of the county, in Mount Hope and Greenville 
townships, the shales and sandstones form the eastern slope of Shawangunk 
mountain, previously mentioned. The beds here exposed are alternating 


shales and sandstones, the former having a pronounced cleavage which is not 


I 


FIGURE 12a. Section across the south end of Sugar Loaf mountain, showing probable fault between 


Cambrian limestone, C., and Pre-cambrian gneiss, G. The latter passes unconformably under the 
Bellvale flags, ; 


shared by the latter. In the railroad cut, west of Otisville, the shales dip 
40° W. Northeast of Otisville, along the road by Scudder’s house, the sand- 
stone members are prominent and strike N. 60°. The region north of Otis- 
ville has a heavy covering of stratified drift, but where outcrops occur the dip 
is west, while on the southeast side of Shawangunk hill the dip is to the 
southeast, indicating a probable anticlinal arch with its axis along the river. 
The reddish sandstone and quartzitic members predominate in the region 
around Howell’s station. In the cut just west of the station, the sandstones 


show a low anticline, and the next cut to the west, exhibits a monoclinal fold. 
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Such local foldings are by no means uncommon. The southeast dip, in the 
region southeast of Shawangunk hill, changes to a low western one in Mini- 
sink and Wawayanda townships, where the slates overlie the Cambrian 
limestones. The sandstone beds have disappeared, and the formation is rep- 
resented by hard, black slates, with a pronounced cleavage. South of Denton, 
the slates give rise to many steep ridges... 

From the Wallkill river southeast to Belgrave mountain, there is only a 
narrow, wedge-shaped area of slate, which begins west of Sugar Loaf moun- 
tain, and extends south as far as Warwick. It rests unconformably on the 
Cambrian limestones, and, while the bedding is often obscured by the marked 
cleavage, it seems, in general, to be dipping to the west. Glenmere lake lies 
just within this slate area. 

North of Goshen the sandstone members again appear. and are occasion- 
ally fossiliferous. A mile and one-half northeast of Goshen, and just after 
crossing the railroad, the slaty members are prominent, striking N. 60° E., 
with a dip of 20° W. ‘The dip is very variable, however, and about 500 feet 
farther north it changes to 70° W. The layers here become more siliceous. 

A little beyond locality 461, at 472, the sandstone layers have a low 
western dip, and contain abundant remains of Orthis testudinaria and 
crinoid stems. 

Southwest of Neelytown (464), the slate dips 40° N. W., while north- 
east of it (478), the dip is northeast. In general, the slate dips away from 
the limestone area at Neelytown. 

At the north end of the iron bridge across the Wallkill river, at Mont- 
gomery, and in the river bed, are abundant ledges of slate, with occasional 
sandstone layers. They here strike east and west and dip 35° N. To the 
southwest of Montgomery, however, the strike is generally northeast, with a 
western dip. 

An examination of these and the other strikes and dips plotted on the 
map of this region, indicates that there must be numerous and probably 
gentle flexures. 

The Wallkill river at Walden flows over a ledge of slate and sandstone 
twenty-six feet high, and then through a gorge sixty feet deep, affording fine 
exposures of the westwardly dipping shales and sandstones. 

Southeast and east of Goshen, the Hudson river slates extend to the 
range of gneissic knobs northwest of Skunnemunk mountain, where they 
rest unconformably on the gneiss. Their relations have been mentioned in 
another part of this report. 
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From Walden, the slates and sandstones reach eastward to New Windsor 
and Newburgh townships, to the Hudson river. Along the northern border 
of the county, the sandstone beds are especially abundant, and conglomerate 
layers also appear. 

The thickness of the Hudson river formation is difficult to determine on 
account of the many folds and the heavy drift covering in that part of the 
county where the formation is found. It is probably not less than 1,800 or 
2,000- feet. Where it comes in contact with other formations the relations 
are invariably those of unconformity, faulting or overthrust. These various 
relations are noted in detail elsewhere, and need not be repeated here. 

Organic remains. The exact age of these slates has been a matter of 
considerable discussion, owing to the apparent scarcity of fossils. Mather* 
mentions a locality. near Sugar Loaf village, west of the station, and at 
Bulmer’s quarry, and states that a few specimens of “testacea” were found 
(p. 369). He also mentions another locality near Walden. 

In 1885, Darton collected the following species from Bulmer’s quarry : 

Orthis pectinella. 

Orthis testudinaria. 

Orthis plicatella. 

Leptwena sericea. 

Camarella hemiplicata. 

Strophomena alternata. 

Streptorhynchus planumbona or S. filiteata. 

Trinucleus concentricus. 

Those at Walden are found at the junction of beds of sandstone and 
slate below the bridge. The species found were: 

Leptena sericea. 

Orthis testudinaria. 

Orthis pectinella. 

Conularia Trentonensis (? ). 

Darton also mentions a new locality in the shales of the railroad cut at 
Rock Tavern, where the rocks are bent into an overturned synclinal. The 
fossils occur in the lower members, and are not included in the crumple. 
The species found were : 

Leptaena sericea. 

Orthis testudinaria. 


* Geology of New York, Part I., 1843, p, 369. 
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More recently Professor Prosser has recorded a fossiliferous locality in 
the blue-black shales at a cut of the Lehigh and Hudson railroad, one- 
quarter of a mile southwest of Greycourt station. 

The species found by the writer at the Sugar Loaf locality were: 

Orthis testudinaria. 

Orthis pectinella. 

Leptena sericea. 

Strophomena alternata. 

Crinoid stems. 

A number of specimens of Orthis testudinaria were found in the shales 
about two miles southwest of Oxford (203), and in the Hudson river sand- 
stones a mile and one-half northeast of Goshen (472). 

Mr. J. N. Weed, of Newburgh, informs me that fossils are abundant in 
the sandstones of the point at the south end of Orange lake, and in nearly 
all the outcrops of the same members north of Middle Hope. 

The fossils found at all these localities indicate a Trenton-Hudson fauna, 
as previously stated by C. D. Walcott (2. G. S. A., L, 1890, p. 344). 


Tue Neetyrown Linestonr. Neelytown is in Hamptonburgh township, 
four miles south of Montgomery, and in the woods south of Neelytown station 
is a small area of light blue, granular limestone, which is sometimes brecciated 
in its upper layers. The limestone first crops out in the cross-road, a few 
hundred feet east of Neelytown station (477). A short distance to the south, 
on the west side of the road, in a field, is a small limestone quarry (475). 
The rock is massive and irregularly bedded, with a brecciated structure, and 
very indistinct traces of fossils in its upper layers. Chert nodules are very 
abundant. The strike is east and west, the dip north. There are a number 
of small outcrops of limestone in the picnic-grove to the southwest, and at 
the end of the lane leading into it is a low cliff of the limestone, with the 
layers dipping gently to the northeast. In texture, the limestone resembles 
closely the upper layers of Lookout mountain, south of Goshen, and is pro- 
visionally mapped as of the same age. There is no good evidence that 
the limestone was brought up by a fault, and it is probably the crest of a low 
anticlinal fold, from which the overlying slates have been eroded. 

A careful search was made for other outcrops of limestone between Neely- 
town and Walden, but none were found which were clearly in place. 
Three small outcrops containing Helderberg fossils were found. The first 
was southwest of Neelytown (465), another east of Montgomery (474), and 
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a third just east of Walden (480). They are probably deeply buried 
erratics. The strike and dip of the Hudson river formation surrounding the 
Neelytown limestone is given on the map. 


Geology of Newburgh and New Windsor Townships. 


The relations around the northeastern end of Skunnemunk mountain and 
Pea hill have already been alluded to. In Newburgh and New Windsor 
townships the areal geology is briefly thus: A belt of Cambrian limestone 
in the northeastern corner of Newburgh township, with another belt of the 
same limestone with some Chazy limestone, west of Newburgh. To the north- 
west and southeast of this area are two small gneiss knobs. The rest of the 
territory is of Hudson river shale. The Hudson river shales and sandstones, 
which cover the western and central portions of Newburgh township, are 
faulted against the Cambrian limestone in the northeastern corner of the 
township. This fault line crosses the Hudson from Dutchess county, and, 
entering Ulster county south of Marlborough, passes southward, entering 
Orange county one mile west of the Hudson river. The limestone has a 
low western dip, and presents numerous outcrops which form small, rough 
ridges. Owing to the massive character of the rock, the strike and dip are 
not always distinct. The line of fault is indicated by a narrow valley, which 
extends southwest as far as Middle Hope where the stream occupying the 
valley turns abruptly westward. The western boundary of the limestone 
extends down to Balmville, and then curves around to the river. The slates 
appear to the south of the limestone, but the drift conceals their exact 
relations. 

There is a small area of Trenton along the river road, between Newburgh 
and Roseton, about two and three-quarters miles north of the Newburgh 
ferry, and at the point where the road comes in sight of the river. The 
Trenton limestone forms a ledge about 300 feet long and twenty to thirty 
feet high, on the west side of the road (879). The dark crystalline limestone 
has a strike of N. 35° E. and dips 40° E. The ledge is about 135 feet above 
the river. The limestone contains a mass of small encrinal columns and 
small Chetetes. The crinoid present in especial abundance is Cleiocrinus 
magnificus, & species which had only been previously found in Canada 
until its discovery by Professor W. B. Dwight at this locality.* There - 
are also several other species of Trenton age, viz.: Platystrophia lynx, 
Plectambonites, ete. 


* A. J. S. (8), XTX., p. 50. 
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One-half mile to the north is an outcrop of shale along the roadside by 
an old barn. It occupies a small triangular area. Above it on the hill the 
Cambrian limestone appears, as well as to the north of 1t im a quarry by Mr, 
Rose’s house. At this latter locality the dip is to the southeast. The exact 
relations are here again obscured by the drift, but the Trenton may rest on 
the Cambrian, and the Hudson river shales may rest either on the buried 
Trenton or directly on the Cambrian, by thinning out of the Trenton or by 
faulting. 

To the southwest of Balmville, which is on the northern edge of 
Newburgh, the limestone again begins and extends, as an elliptical area of 
four miles in length, in a southwest direction to Washington lake. The 
width of the area is about one mile and a quarter. To the northwest it rests 
on the Olenellus quartzite, and this in turn on the gneiss of Cronomer’s hill. 
The rest of the distance it is overlaid by the Hudson river’slates. On the 
southeast, the limestone dips in part under the slates, and is faulted against 
the steep northwestern side of Snake hill, The dip of the limestone is 
generally southeast. There is doubt whether all of the limestone of this area 
is of the same age. Over the larger portion of the area it is a crystalline, 
cherty limestone, very much resembling that of the other Cambrian areas, 
but in the southeastern part, in Miller’s quarry, the rock is more evenly bedded, 
and less massive. 

Some years ago Professor R. P. Whitfield published the discovery of 
probable Maclureas in parts of the limestone. This indicates the Chazy age 
of a portion of the limestone, the greater part of which is probably Potsdam, 
according to an opinion expressed to the writer by Professor Dwight (See 
also, A. J. 8. 11, XVIIL, 327, 1879). The specimens were fragmentary, and 
none have since been found. Professor W. B. Dwight informs the writer 
that he has found a few ill-defined Calciferous fossils in the limestone of 
this area northeast of Washington lake. 

Southeast of Washington square, the Hudson river slates extend around 
the south end of the limestone area and rest uncomformably against the 
gneiss at the south end of Snake hill. The slate crops out along the road at 
the southern end of the hill (407a), and extends along the east side of it, 
appearing at several points, and especially on Mr. Hasbrouck’s race-track, | 
where it has a strike of N. 40° E. and dips west. Farther south along the 
road, the dip is east. The slate is also seen at the north end of Snake hill, 
at 215 feet A. T., along the road leading to the pavilion on the summit, and 
along the road by the ice-house at the northwest base of Snake hill. The 
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limestone crops out on the same road to the south of the slate, as well as 
on the opposite side of the ice pond. The fault between the gneiss and 
limestone on the west side of the hill seems to pass to the north between 
the latter and the slate, or may die out. 

The gneiss of both Cronomer’s hill and Snake hill is a granular mixture 
of quartz and feldspar, with little or no mica. In a small gneiss area south 
of Snake hill the rock is often graphitic. 

The Hudson river slates extend to the foot of the mountain between 
Mountainville and Cornwall, and are possibly faulted against the gneisses of 
the Highlands. The two can be seen close together at several points about 
one mile and a half south by east of Canterbury, the slate apparently dipping 
under the gneisses (420). The gneiss strikes N. 30° E., and dips southeast. 

One-half mile south of Cornwall (421) is an old road-metal quarry in 
limestone. It is a dark grey, finely crystalline rock, striking N. 80° E., and 
dippmg 45° 8. There are interbedded grey brown, siliceous layers, and 
numerous black patches of carbonaceous matter along the bedding planes. 

The limestone passes under the slates and probably belongs to the 
Olenellus quartzite, certain members of which it resembles very closely. 
About twenty-five feet of limestone are exposed (422). The dipping of the 
quartzite against the Pre-cambrian gneiss would at first suggest a fault, 
but it may be the southern side of a fold caused by the quartzite being thrust 
against the gneiss. This, Professor Dwight informs me, is sometimes the case 
in Dutchess county. The slate and gneiss are seen almost in contact a few 
feet east of the quarry. 

The writer mentioned this limestone quarry to Professor Dwight, who 
has done much field work in the neighboring counties, and he has written in 
reply: “In 1883, I found that there is a thin stratum of impure, hard lime- 
stone overlying the gneiss, and underlying the Hudson river shale along 
the northern and northeastern base of Storm King and south of Cornwall. 

“This occurs, as I then ascertained and noted, on the estate of Mr. S. B. 
Young, whose house is at the northeastern base of the mountain, south of 
Cornwall. This stratum of limestone was encountered in making excavations 
for the cellar of his house, and for his ice-house. Blocks of the excavated 
limestone le around, and some of them were built into the walls forming the 
approach to the ice-house.” 

Further on in his letter, Professor Dwight says, in referring to the 
quarry: “I take the limestone in question at Cornwall to be the Lower 
Cambrian limestone (Olenellus horizon).” 
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Tue Hientanp Area or Gyerssic Rocks. The following notes on the 
Highland region are to be considered as merely preliminary and in the nature 
of a reconnaissance. The crystalline rocks of this region present a most 
interesting field for study, and it is hoped that opportunity will be afforded for 
a further and more detailed consideration of their relations. Such detailed 
work requires a most careful examination of all the outcrops and careful petro- 
graphic examination with the microscope. Considerable has been published 
hereupon in the report of Mather,* and certain portions of his work will be 
referred to further on. Britton and Merrill also refer frequently to these 
rocks in connection with their work on the Highland area in New Jersey.+ 

Excluding the areas of gneiss forming the western half of Pochuck 
mountain and another strip along the northwestern side of Bellvale mountain, 
the gneissic rocks cover all of the townships of Tuxedo and Highland, and 
about one-half each of those of Monroe, Woodbury and Cornwall. 

Tuxepo Townsurp. The gneiss rises steeply along the eastern side of 
Greenwood lake with a dip of 60° E. It is often massive, and sometimes 
much shattered by joints at right angles to the stratification. These joints 
not uncommonly represent fault planes. The gneiss is a mixture of quartz, 
red orthoclase and hornblende. Specimens of this same gneiss, collected 
from a point on the New York and New Jersey state line, were examined by 
Professor Kemp in 1885 (NV. J. Geol. Surv., 1886, p. 102), and the orthoclase 
found to be full of curious little inclusions. 

Northeast of Greenwood lake, the gneiss is strongly laminated and is com- 
posed of biotite, feldspar and much quartz. The region between Greenwood 
and Sterling lakes is heavily wooded and has not yet been examined. On 
its eastern edge the rock along the shore of Sterling lake (846) is a dark- 
colored, fine-grained basic gneiss. A section of the fine-grained portion of 
this gneiss, from half way up the west side of the lake, shows it to consist of 
plagioclase, hypersthene and magnetite. The plagioclase is in large plates, 
fresh, and full of beautiful apatite crystals. The hypersthene is strongly 
pleochroic and the magnetite grains associated with it are large and rounded. 
The dark, massive gneiss, one and one-half miles north of Sterling lake, may 
be a continuation of this area (801). Sections of it afford much microperthite 
and some quartz. 

The dark hornblendic gneiss surrounds most of Sterling lake and contains 
the ore-bodies at the southeastern end of the lake. At this point are two 


* Geology of New York, First District, 1842. 
+ Geological Survey of New Jersey, 1885. 
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beds of magnetite, the Sterling and the Lake. They are evidently portions 
of the same bed cut in two by a pinch. The direction of their longer axes 
is about northwest and southeast, and this strike carries the Lake ore-body 
beneath Sterling lake. The length of the Sterling ore-body at the surface is 
500 feet, and 280 feet at the bottom of the workings. The length along the 
slope, which runs obliquely down the dip, is 1,000 feet. The pinch is about 
250 feet long and is succeeded by the Lake ore-bed, whose outcrop is of the 
same length, but its depth is not known, as it has never been fully exploited. 
The slope is 1,100 feet long. 

The ore-bed varies in width from five to twelve feet and is sharply 
defined. The ore formerly extended up the surface of the hill at whose base 
the entrance to the present workings is situated, and quarrying methods were 
therefore employed for operating this upper portion of the ore-bed. In a few 
places on the face of the hill where the hanging wall remained, as in the 
Clark mine, chamber-working was followed. The Clark ore-body dips to the 
northeast, and swells and pinches in a remarkable manner. ‘At one place 
in the footwall, two narrow anticlines have been produced, as shown in 
Figure 15. 

The wall rock is a basic gneiss, with much hornblende, and the roof 
of the chamber-working is a very coarse-grained mixture of plagioclase feld- 
spar and hornblende. Just above the ore at the northwest end of the open 
working is a feldspar vein, twelve inches thick, which extends for about 
twelve feet and then suddenly pinches out. Veins of epidote and milky 
quartz crystals occur in the wall rock and frequently cut across the strike. 
The gneiss around the ore-body contains less hornblende than that farther 
down the hill towards the Lake mine. 

The Lake mine has afforded quite a variety of minerals which occur on 
the edge of the magnetite bed. The commonest are pyroxene and amphibole 
either in distinct crystals or forming granular aggregates with the magnetite. 
At other times there is present in these granular mixtures both white and red 
feldspar, the former surrounding the latter. Clusters of small epidote crystals 
are seen, usually in association with pyroxene. Some beautiful pegmatitic 
intergrowths of quartz and tourmaline are found in the Lake mine, but in 
just what part of it, the writer was unable to ascertain. Sometimes this, 
intergrowth is surrounded by red feldspar, and the latter encircled by mag- 
netite. On the hill and along the highroad about 500 feet northeast of the 
Lake mine, are several small lenses of magnetite in the gneiss. The stringer 


is lens-shaped and near the outer margins contains some granular quartz. 
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The wall rock is feldspathic and has no hornblende, as indieated by the hght 
eolor which it has m the figure. 

From the Sterling mime the basic gneiss continues northeastward towards 
the Augusta mine Which is also on the property of the Sterling Iron and 
Railway Co. The strike of the gneiss at this mine is N. 40° E. and the dip 
50° E. " "The rock is made up of alternating bands of feldspar and hornblende 
and the ore seems to favor the latter, dipping with the rocks. According to 
the sections drawn from a survey made several years ago, the ore-body is long 
and flat. There is a notable fault exposed in the hangmg wall at the 
entrance to the mine. The layers of the gneiss have been drawn down by 
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Frecas 1X Diagrammatic view ef Clark mine, at Sterling; shewing swelling and piuching of the 
ere-bed. The section is N. W. and SE. C isa vein of feldspar and hernblende, one foot thick, 
which ts pinched eat. Bis a N. BE. and S_ W. section of feot-wall at A. 


the shearing action of the faulting The foot-wall of the Augusta mime 

contaims much granular dark green pyroxene. There are many coarsely 

crystalline veims of quarta and feldspar which cut the gneiss in the walls 

of the Augusta mine’ They not uncommonly cut directly across the strike 
| and are often branched. 

The Mountain mine is about three-quarters of a mile north of the fore- 

going, and consists of several long narrew parallel beds. At the Scott mine, 


the gneiss is more acid and contains little or no hornblende, not even in 
2oO 
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the walls of the ore-body. Orthoclase feldspar abounds. The rocks around 
the ore-bed have been much sheared and-strained, but no actual faults were 
found on the surface. One of the specimens showed a breccia of feldspar 
and magnetite. One mile northeast of the Oregon mine, the grey gneiss 
again appears, being a mixture of quartz, feldspar and biotite. It dips 40° E. 

Along the road leading from Greenwood lake to Tuxedo and in the area 
due north of Sterling lake, the gneiss is, at times, very massive, with red 
feldspar, and resembles granite. Just northeast of the cross-roads, on the 
road to Southfield (305), the rock is a massive, red, feldspathic gneiss with 
some quartz and much garnet. It strikes N. 20° E. and dips 70° 8. E. 
Little or no mica is present. 

This may be only a local variation, for about a mile and one-half farther 
to the north the common grey gneiss again appears, striking N, 25° KE. and 
dipping 40° EK. The strike is, however, very variable. 

From Southfield Works to Helmsburg, south of Mount Basha lake, the 
gneiss preserves a remarkably constant character. It is fine-grained, light 
grey, strongly laminated and composed of quartz, orthoclase feldspar and 
biotite. Some plagioclase is present, and hornblende is not uncommon. The 
strike near Southfield Works is N. 40° E., dip 60° 8. E. Farther to the east, 
along the road, it is N. 20° E., dip 60° S. E. At this point the gneiss 
sometimes contains dark bands of more basic rock, which in appearance 
resembles the gneiss around Sterling lake. . 

Much of the gneiss in Tuxedo park is fine-grained and very basic, that at 
the southern end of the park, especially, containing considerable quantities of 
pyroxene, with strong basal parting. The dip is nearly always to the east. 
Along the Switchback road, near the summit of the hill and at a point about 
330 feet higher than Tuxedo station, there are numerous veins of a coarse red 
granite identical with that found near Stockbridge’s hotel, east of Central 
Valley. 

On the circuit road within Tuxedo park there are many exposures of a 
well banded grey gneiss with alternating light bands of quartz and feldspar 
and dark ones of hornblende, with some biotite. The gneiss strikes N. 40° 
E. and dips 50° 8. E. | 

One mile before reaching the north gate and on the circuit road, ure 
large outcrops of an extremely coarse dioritic rock, similar to one southeast of 
Southfield. It is much coarser, however, and contains some quartz. In close 
association with it is a fine-grained granular gneiss and stringers of the diorite 


often penetrate it. 
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Mather refers to a cliff of limestone one-quarter of a mile southwest of 
Tuxedo lake, and states that it is traversed by a faulted dike. A search was 
made for this outcrop at the point indicated by Mather, but the writer was 
unable to find it. Quartzose gneiss forms a steep and possible fault cliff in 
the road-metal quarry south of Southfield, striking N. 40° EK. and dip 70° E. 

One mile south of Southfield, along the road through the woods, is an 
area of very coarse diorite.) The rock 1s a coarse mixture of labradorite and 
hornblende, and shows well the crushing which it has undergone. ‘This same 
rock also crops out in the field along the upper side of the road, until the 
latter begins to curve around the hill, when it is succeeded by a massive 
gneiss, with quartz orthoclase and biotite. This gneiss becomes very coarse 
in places, when the biotite is replaced by hornblende. It continues with 
somewhat variable character to Little Long pond, with a strike that varies 
from N. 20 to 50° E. and a prevailing steep eastern dip. At the west end of 
this pond, the gneiss strikes N. 20° E. and dips 30° E., while at the east end it 
dips 80 to 90° E, Along the road leading up the hill west of the pond, is a 
pegmatite vein cutting the gneiss, and this latter is cut by five camptonite 
dikes in a space of 200 feet. They may be possibly branches of the same 
dike. They vary in width from two inches to one foot. 

Monroe Townsute. The gneisses cover nearly one-half of the township, 
their western border being along the eastern side of the valley, extending 
from Greenwood lake to Monroe. 

East and northeast of Long pond, which is two and one-half miles south 
of Monroe, the normal grey gneiss is composed of orthoclase, quartz and 
biotite, with subordinate hornblende. The rock sometimes becomes coarsely 
crystalline, with an increase of the hornblende, and this passes into the 
normal facies again. Southeast of Long pond, and on the crest of the ridge, 
the strike is N. 20° E., dip 70° W. A common form of the gneiss in this 
region is a red rock consisting of quartz, orthoclase, plagioclase and some 
biotite. The plagioclase frequently exceeds the orthoclase in amount. The 
quartz commonly has a zonal structure and contains apatite and zircon as 
inclusions. 

In the region south of the Clove mine the grey gneiss is generally 
quartzose, with few variations. On the eastern side of Mount Basha lake it 
becomes garnetiferous. 

The O'Neil mine is three miles southeast of Monroe. It is a large 
opening about 200 feet west of the road, and below it. The pit is about fifty 


feet deep and 600 feet long, extending northeast and southwest. The wall 
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rock is a coarse feldspathic gneiss, that on the north wall being somewhat 
more quartzose. The rock strikes N. 30° E. Near the west end of the main 
cut is an olivine camptonite dike six feet wide, which cuts across the ore- 
body. The ore was mined out around it and the dike has been left standing 
like a wall. Another dike of the same rock, or a branch of the first one, is 
found in the next pit, about 200 feet to the southwest. Just west of the first 
dike, and next to it, is a coarsely crystalline rock of granitic structure (shown 
in upper left hand portion of the adjoining figure), and consisting of feldspar 
and serpentine; the latter, however, is evidently an alteration product 
of either pyroxene or hornblende, perhaps the latter, as Mather records a 
syenite rock penetrating the ore-body. 

Next to the ore, the wall rock becomes very basic, and contains a mixture 
of magnetite and pyroxene, or hornblende. In places, the latter has changed 
almost completely to serpentine, as in the northwest wall just east of the 
dike. In the pit where the second dike occurs, the rock, on the north side is 
an altered syenite, but next to this second dike the rock is a mixture of 
calcite, with hornblende or magnetite. Lying in the pit are several masses of 
calcite, filled with a reticulation of magnetite streaks. Just what part of the 
mine this came from could not be determined, but the occurrence of it in this 
large quantity is somewhat suggestive of a possible sedimentary origin. 

The wall rock is traversed by many joints, and the great masses of rock 
which have fallen into the pit obscure the relations considerably. Two 
chambers have been driven at the eastern end of the pit. The mine has not 
been worked for sixteen years. Probably no locality in ‘the county except 
Edenville has afforded so many minerals. The most abundant are beautiful 
little octahedral crystals of magnetite. Pyroxene and amphibole crystals 
have also been found. 

A list of the minerals which this mine has afforded is given in Mather’s 
report on the Geology of New York, First District. 

The Forshee mines are on a neighboring hill about one-half mile south- 
west of the O’Neil mine. The main working is an open pit, about 400 feet 
long, fifty feet wide and fifty feet deep. The country rock is a feldspathic 
gneiss striking N, 20° E., and dipping 40° 8. E. The ore is very Jean and 
associated with a peculiar pyroxenic rock with a bronze lustre. It very 
‘strongly resembles enstatite, but sections of it give an inclined extinction. 
The rock is very hard and rather coarse-grained. It is traversed in places > 
by quartz veins. The rock at and around the base of the hill is the 


ordinary grey gneiss. 
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The Clove mine is about a mile and one-half south of Monroe... The 
workings are full of water and little of their relations can be made out. 
According to Mather* the ore occurs in several parallel veins. This may be 
due to faulting. The walls of the mine are a hornblendic gneiss which, at 
times, becomes very schistose, and the ore has much hornblende and a 
silvery mica mixed with it. Pyrite is occasionally present. The nearest 
oneiss exposure to the east of the mine is very quartzose and does not 
represent the normal rock. On the west are several outcrops of a feldspathic 
granitic gneiss. The ore-body is evidently cut by a dike, Judging from the 
numerous angular fragments of it which were found on the dump heap. The 
dike is a fine-grained black rock, cut by numerous thread-like streaks of 
pyrrhotite. 


Woopsury Townsurp. The gneissic rocks cover about five-eighths of 
the area of the township. The line of faulting which has given rise to the 
Ramapo valley south of Turners, passes northward along the base of the 
gneiss ridge east of Turners and Central Valley, and then along the narrow 
valley east of Pine hill, at whose north end the fault-line probably passes into 
the Highlands. Up to the point east of the north end of Pine hill, the fault 
line is between the gneiss and the Cambrian limestone. A contact of the two 
is well exposed in the limestone quarry a mile and one-half northeast of 
Arden. <A fine fault cliff is also to be seen on the western side of the valley 
just north of Arden. The grey gneiss, which is faulted against the limestone 
in the upper portion of the limestone quarry, dips steeply to the east. It is 
a fine-grained granular mixture of quartz and plagioclase with a little 
orthoclase and biotite. The rock shows the effect of crushing, and the larger 
grains are embedded in a crushed matrix of the same minerals cemented 
with decomposed biotite and limonite. 

About one mile below the quarry, a road leaves the main one of the 
valley and turns to the east through a shallow ascending valley to the other 
side of the ridge where it turns to the north. Just beyond a church and 
where the road turns, a granular gneiss appears, which is cut by numerous 
granite veins. It strikes N. 20° E., and dips 70° 8. E. (284). The gneiss in 
section is seen to consist of quartz, plagioclase and some orthoclase. The 
quartz grains often show a zonal structure, and the twin lamellae of the 
plagioclase are not unfrequently bent. The rock is considerably decomposed. 
This gneiss passes into a very hornblendic facies. 


* Geology of New York, 1842, p. 571. 
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About one-quarter of a mile bevond Mr. Harriman’s house, the gneiss 
becomes very quartzose and shows many crumples and slickensides. It is a 
mixture of plagioclase, biotite, and pyroxene. The two latter occur as parallel 
growths and the same cracks traverse both minerals. Another specimen of the 
same gneiss from farther up the road (281), shows, in sections, a similar 
character but the pyroxene is often nearly colorless and much corroded, while 
magnetite is present in small amounts. The strike is N. 40° E., the dip 
45° N. E. The gneiss once again becomes dark-colored, very massive, and 
hornblendic and is cut by an east and west dike about one foot wide. The 
rock on either side of the dike is broken by many joints running parallel to 
the dike, and the gneiss strikes N. and 8. with a dip of 60° E. The gneiss 
again passes into the normal form along the road above the waterfall. It 
will be thus seen that there are alternations of the normal gneiss and the 
hornblendic form. 

At Mr. Cunningham’s house, about a mile and one-half up the road from 
Mr. Harriman’s, the road branches off to the east. Just behind Mr. Cunning- 
ham’s, the gneiss contains a small bed of iron-ore. A small pit was 
sunk in it to a depth of nearly forty feet and a little ore taken out, but 
most of it was very lean. Across the road to the north a small dike cuts 
the gneiss. 

About a mile farther east, are several more small iron mines south of the 
road. They are the Greenwood, Hogencamp, and Tompkins mines. The 
wallrock of each is a hornblendic gneiss with some granular pyroxene. 
The largest mines in this region are the Bradley mines, one and one-half miles 
north-east of Cunningham’s house, and on the road to Queensboro. Judging 
from the size of the opening, a large amount of ore has been taken out. The 
ore crops out above the road and a cut was made to intersect it at a lower 
level. The bed of magnetite dips to the north and is fully forty feet thick. 
Associated with the ore are great quantities of calcite containing crystals of 
magnetite, apatite, pyroxene, titanite, amphibole, and grains of pyrite. Two 
dikes also cut the ore-body, one a porphyritic camptonite, the other a fine- 
grained quartz porphyry. This latter is a new one to the Highland region of 
Orange county. They are both hereafter described in further detail. 

From Cunningham’s house to Two Ponds, the road leads through the 
woods and there are few outcrops. Where these are found, the rock is 
generally a massive gneiss dipping to the east and striking from N. 20° E, to 
N. 40° E. At a point where the road swings around to the west, just before 


passing between Two Ponds, the gneiss is cut by a dike which may be an 


FIGURE |8, CAMPTONITE DIKE, NORTHEAST OF ARDEN. 
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offshoot of the large knob penetrating the gneiss south of the road. This 
rock was found to be much decomposed in the sections examined, but is 
probably a camptonite. In front of Stockbridge’s hotel, east of Central 
Valley, the gneiss strikes N. 40° E. and dips 80° S. E. From the road crossing 
the mountain just north of Stockbridge’s, up to the next road across the 
mountain, about two miles further, the gneiss is cut by many veins of coarsely 
crystalline red granite. This is a mixture of bright red feldspar, large flakes 
of biotite and a little quartz. One of these veins crops out along the road 
opposite the entrance to Stockbridge’s lane. 

The gneiss ridge north of Stockbridge’s, judging from a number of 
strikes and dips taken, is apparently a synclinal fold. On the eastern side of 
the valley east of this ridge, and about one and one-half miles north of 
Stockbridge’s, there is, along the road, a ledge of rock, which in many respects 
resembles the contact zones at Mounts Adam and Eve, in Warwick township. 
In the lower portion of the ledge and a few feet above the road, the rock is a 
coarse-grained mixture of pyroxene, scapolite and feldspar, with some quartz 
and calcite. Where cavities exist in the rock, good crystals of pyroxene 
are not uncommonly developed, but terminations are rare. The feldspar is 
most abundant at the northern end of the exposure and higher up the slope. 
Up this slope the rock becomes a coarsely crystalline aggregate of feldspar 
and pyroxene, the former predominating. Some quartz is present. No good 
bedding was noticed except in the ledge a few feet above the road, where 
there seems to be a low dip to the east. The rock on the west side of the 
road across the brook, is a hornblendic gneiss which, in the bed of the stream, 
is cut by two dikes, one four inches wide, the other six feet; they are both 
camptonites. The exact relations of this scapolite-pyroxene zone and its 
significance require further examination before they can be explained. It is 
possible that this may represent a contact zone between a probable granite 
rock to the southeast and the hornblende gneiss, or a limestone which 
has been removed by erosion or faulted out of place. There is a short belt 
of limestone about a mile to the north in this valley, but no outcrops of 
limestone were found between these two points. The limestone belt 
mentioned thins out at its southern end. 

At the south end of Popolopen pond, is a small bed of limestone forming 
a natural bridge. It is a bed about forty feet wide and has a length of about 
four hundred feet from the south end of the lake to its southern extremity 
where it disappears under the meadow. The limestone is interbedded with 
coarse-grained gneiss which strikes N. 50° E., and dips 70° E. on the western 


456 Report oF THE STATE GEOLOGIST. 


side of the limestone. The latter shows no distinct bedding planes, but the 
lines of minerals, especially the serpentine, strike about N. 35° E. Scattered 
through the limestone are bunches of the ferro-magnesian minerals, pyroxene, 
mica and hornblende. They form a dark strip several feet wide on the 
western boundary of the limestone at the north end of the bridge. At the 
south end and just behind a small barn, the gneiss contains an abundance of 
magnetite in grains and lumps up to an inch in diameter. The gneiss on the 
eastern side of the limestone contains much pyroxene along the contact and 
is distinctly laminated, but farther to the east in the field it contains many 
coarsely crystalline granite veins. 

Around the Forest-of-Dean mine and the adjoining reservoir, the gneiss 
is a mixture of quartz, feldspar, hornblende and biotite, the two latter in 
variable proportion. The gneiss dips southeast and pitches about 22° to 
the northeast. The ore-body is described under the econoniic division of 
this report. The ore-bed is cut by a camptonite dike and two others occur 
along the road to the southwest by the reservoir. 

Hicuiranp Townsnrp. The gneisses of this township are often quite 
massive. Along the Hudson river the prevailing grey gneiss is composed 
of quartz, orthoclase and biotite. A little plagioclase is present, and the 
quartz often contains cavities. The general strike is from N. 40° to 80° E., 
and the dip generally to the east. Pegmatite veins are common and form a 
prominent feature of the gneiss. They usually run parallel to the bedding 
of the gneiss, rarely cutting across it, and they also commonly partake of the 
folding or other distortion which the gneiss has undergone, while their 
boundaries are not always sharply defined. On the road from Cranstons 
to Fort Montgomery and a short distance north of the latter are several 
outcrops of graphite schist; it also occurs in the woods to the west and about 
one and one-half miles southwest of the village of Fort Montgomery, along 
the road to the Forest-of-Dean mine. In all of these exposures the rock 
is much decomposed and stained from the disintegration of pyrite. The 
gneiss is very basic south of Little Long pond, and is intersected by several 
dikes. 

CornwaLtt Townsntp. The gneisses form the southern half of the 
township, extending from Mountainville around the base of the mountain to 
Cornwall-on-Hudson, They vary from massive to a bedded variety, and are 
normally a mixture of quartz, feldspar and biotite, but sometimes contain 
hornblende in great abundance. Towards Cornwall they become very 


quartzose and are seen in contact with the Hudson slates along a fault line. 
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Dixr Rocks. The only detailed account hitherto published of dikes 
from the Highland area in Orange county, are two papers by Professor 
Kemp which appeared in 1888*, both treating of camptonite dikes, which 
at that time were thought to be comparatively rare rocks. The first of these 
is a camptonite from the north end of the first railroad cut above Fort Mont- 
gomery. It is a dense black rock, and the dike extends twenty feet or more 
vertically, running diagonally across the lamination of the gneiss. Under 
the microscope the rock consists of small, well developed hornblende crystals 
with sharp faces. There is some plagioclase and a few grains of magnetite, 
and the dike has a more or less porphyritic structure. Duplicate analyses 
of this rock, which are of value, were made by Professor Dennis*, of Cornell 


University. They show: 
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There are no dikes between Fort Montgomery and Crow’s Nest mountain, 
but extending up the face of the latter are six dikes which have been noted 
by Professor Kemp. They are holocrystalline aggregates of hornblende, 
augite and plagioclase with subordinate magnetite, apatite and biotite, and 
sometimes orthoclase and quartz.+ 

The hornblende and augite are generally associated, but may occur singly; 
the augite especially in spots where the dynamic action has been greatest. 


* A Diorite Dike at the Forest-of-Dean mine, Orange county, N. Y.—A. J. S. (3), xxxv p. 331 and 
The Dikes of the Hudson River Highlands—Amer. Nat. xxii p. 691. 
+ For a review of other occurrences of camptonitic rocks and their classification. see Bull. 107, U. S. G. S.—The Dikes of Lake 
Champlain by. J. F. Kemp and Y. F. Marsters. ‘ 
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The hornblende is brown and in irregular masses, with magnetite and apatite 
inclusions. It is often bleached to a green variety. The augite contains the 
same inclusions as the hornblende. The feldspar is well twinned, and 
inclusions of magnetite and apatite are not uncommon. 

Another camptonite dike has been described by Professor Kemp from 
the Forest-of-Dean mine. The dike is about six feet wide and cuts across the 
ore-body at an acute angle. It consists of plagioclase, hornblende and 
magnetite, with alterations of the first two. Secondary magnetite also occurs. 


An analysis gave: 
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These two dikes are the only ones from the Orange county Highlands 
which have been described in detail. 

The writer, during his field work this summer, found several other 
camptonite dikes in this region, which are very similar to each other and to 
those described by Professor Kemp. 

One of these is at the turn of the road, south of the Forest-of-Dean mine, 
near the east end of the reservoir pond. The dike is six feet wide and extends 
east and west through the biotite gneiss. The latter strikes N. 10° E., and 
dips 50° EK. The dike rock is light grey and has minute acicular hornblende 
crystals which are visible in hand specimens. Sections of the dike show it to 
consist of hornblende on plagioclase, both much decomposed. The horn- 
blende needles and shreds lie with their longer axes parallel, Another dike 
cuts the gneiss at the west end of the pond. It is almost under the bridge 
crossing the creek at this point. This, however, is an olivine-augite camptonite. 
The section of this rock shows granular pyroxene, lath-shaped plagioclase and 
magnetite grains in the ground-mass, with phenocrysts of olivine. There is 
also some glassy material in the ground-mass. The olivine is altered to 
serpentine along the cracks and around the edges, with the development of 


curiously shaped magnetite grains. 
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A fine example of a camptonite dike occurs in the Bradley mines, north- 
east of Arden, and in Monroe township. The rock is composed of plagioclase 
and hornblende, with some magnetite. The plagioclase is altered to a serpen- 
tine-like granular material. The hornblende is brown, strongly pleochroic 
and idiomorphie, in lath-shaped individuals or six-sided sections showing pris- 
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FIGURE 21. 


matic and orthopinacoid faces. There are also large porphyritic hornblendes, 
which commonly show zonal structure and twinning parallel to » P x. 
Two more camptonite dikes cut the granitic gneiss about one mile (512), 
and a mile and one-half east of Stockbridge’s hotel, which is on the mountain 
east of Central Valley. They are both much finer grained than the preceding, 
and contain numerous round or square grains of magnetite. The feldspar 
is much decomposed. The first of these two dikes (512) is interesting on 


account of the manner in which it branches and incloses some of the wall- 
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rock. The second also branches, and is about two feet wide. It cuts both 
the gneiss and a granite vein. ‘The gneiss strikes N. 45° E., and dips 
60 to 70° E. 

In the bed of the stream along the road, at a point about one-half mile 
north of the cross-road coming over the mountain from Highland Mills :to 
Forest. of-Dean, are two additional camptonite dikes, cutting the gneiss parallel 
to each other. The one is four inches wide and contains phenocrysts of horn- 
blende a sixteenth of an inch in diameter; the other is six feet wide and 


contains none. Sections show plagioclase, hornblende and magnetite of the 
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FiGurE 22. Dike of camptonite, C., cutting a granitic gneiss, G., one mile east of Stockbridge’s hotel, 
near Central Valley, and showing inclusion of the wall-rock. 

habit common to this class of rocks. The large hornblendes of the first 
generation are both zonal and twinned. These dikes are close to the curious 
pyroxene-scapolite ridge of rock. 3 

Still other dikes of this kind oceur north of the Forest-of-Dean mine, 
and at a point along the road south of Little Long pond, also about two 
miles east of the mine. 

The great abundance of these dikes in this region and their constantly 


close similarity suggest very forcibly a common derivation, but whether the 


PLATE XXII 


QUARRY IN PENTAMERUS LIMESTONE, SOUTHWEST OF OTISVILLE, 
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parent mass is exposed anywhere, the writer is unable to say, as, in the time 
at his disposal, he was unable to examine the Highland region in sufficient 
detail. 

The distribution of the dikes is not confined to the area of Highland or 
northwestern Woodbury townships. A narrow porphyritic camptonite dike 
cuts the gneiss northwest of Arden, along the road from Arden to the O’Neil 
mine (490). 

At the west end of Little Long pond southeast of Southfield, is a curious 
little group of five such dikes, which may be branches of the same 
dike. These do not penetrate the gneiss to any extent, but are mostly 
in a pegmatite vein which cuts it. They are all composed of idiomorphic 


FiGuRE 23. Section of hypersthene-gneiss from FIGURE 24. Section of gneiss along fault-line in 


west side of Sterling lake. The hypersthene is limestone quarry, N. E. of Arden, showing 
marked with interrupted striations ; the mag- large fragments of quartz and feldspar (ortho- 
netite forms irregular black grains and the clase) in a crushed matrix of the same min- 
pyrite square ones. The plain white is plagio- erals, cemented by Jimonite and decomposed 


clase, containing inclusions of apatite, mag- biotite (?). (Specimen No. 273.) 
netite and pyrite. (Specimen No. 346.) . 


hornblendes in a ground-mass of plagioclase with grains of magnetite. The 
grain becomes finer as the width of the dike decreases. The gneiss strikes 
N. 20° E., with a vertical dip. The dike nearest the lake is two feet wide 
and strikes N. 70° W.; the next one, one foot wide, striking N. 50° W.; 
the third, N. 70° W.; the fourth, N. 50° E. and two inches wide; the fifth, 
N. 30° W., and four inches wide. The camptonite dike which intersects 
the ore-body at the O’Neil mine is an olivine camptonite. The ground-mass 
is composed of idiomorphic hornblende and plagioclase, with subordinate 
magnetite. There are also phenocrysts of olivine. Scattered through the 
rock are cavities filled with calcite which may result from the alterations of 
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the feldspar. Some of the cavities contain feldspar which has altered to 
chlorite around the edges, while the centre of the crystal is a mass of 
small green epidote grains. Another camptonite with a structure somewhat 
resembling diabase, cuts the red gneiss northeast of Long pond near Monroe. 

A much sheared dike occurs on the east side of the road, one-half 
mile north of the Sterling mine. The section shows a fine-grained ground 
mass of a greenish mineral resembling serpentine, and small rods of feldspar, 
mostly Karlsbad twins. There are also phenocrysts of a monoclinic feldspar. 
Little can be said of the relations of this rock on account of its being so 
decompx sed. ; 

Quartz-Porphyry. A dike of this rock occurs in the Bradley mines. 
The hand specimen resembled a fine-grained quartzite, but the section shows 


FyGuRE 25. Olivine-augite camptonite; showing F1GurE 26. Quartz-porphyry from Bradley mines; 


phenocrysts of olivine in a ground-mass of showing phenocrysts of zonal feldspar and a 
plagioclase, granular pyroxene and magnetite. granular ground-mass of quartz and feldspar, 
(Specimen No. 316.) with shreds of decomposed mica and secondary 


limonite. (Specimen No. 354c.) 


a finely granular ground mass of quartz and feldspar, with shreds of .decom- 
posed mica and secondary limonite. The phenocrysts are monoclinal feldspar 
showing a well developed zonal structure, the zones being a granular 
decomposition product, probably serpentine. The occurrence of this dike is 
unique, surrounded as it is on all sides by the more basic camptonites. 
Quartz porphymes have not been hitherto recorded from the, Highland 
region of Orange county. . 


Pleistocene Deposits. 
The pleistocene formations of the county consist of gravel and sand 
deposits, boulders, clays, and lacustrine, as well as alluvial beds. There is a 


drift mantle of varying thickness over the rolling country underlaid by the 


"LONSNONH Lv YSAIY ANISYSASN DNOIW 3LVIS SNdOSZ JO SAND 


IIXX SLV1d 


Rirs—Gronocy oF ORANGE Counry. 463 


Hudson river formations. In the valleys this is often of considerable thick- 
ness, due to glacial stream accumulations. The valley of the Neversink river 
is filled to a considerable depth with gravel, which forms a broad, flat 
bottom, and with its covering of loam produces an admirable farming land. 
A hole was drilled through the drift at Port Jervis to a depth of 118 
feet, without striking bottom. Boulders were abundant in the upper thirty 
feet, but below that, the material was mostly quartz sand with an occa- 
sional boulder.* Similar gravel accumulations occur in the valley of 
Shawangunk kill along the eastern base of Shawangunk mountain. The 
modified drift here partakes of the nature of hillocks, whose summits are all 
at about the same level of 900 feet A. T. The intervening depressions are 
often occupied by ponds. These hills extend south of Otisville for some 
distance, but are there less conspicuous. They also extend around the spur 
of the mountain to the southwest of the village. 

Around the edge of the Drowned Lands, the gravel rises in rounded 
knolls sometimes to a height of eighty feet. There is also a conspicuous 
series of kames around Campbell Hall, north of Goshen. Gravel hills also line 
the sides of the Wallkill valley. 

An interesting train of boulders is to be seen stretching from the 
Marlborough mountains across Newburgh and New Windsor townships and 
as far south as the Forest-of-Dean iron mines. They are of variable size and 
shape and sometimes fossiliferous. West of Newburgh they are sometimes so 
thickly strewn over the fields as to make cultivation impossible. M. J. N. 
Weed, of Newburgh, who has carefully mapped the limits of this train of 
boulders, informs me that he has found these erratics on the slopes and 
summit of Snake hill, and farther south in the Highlands at an altitude of 
1,200 feet A. T. Two of these boulders are of such large size that it seems 
worth while recording the information that Mr. Weed kindly gave me con- 
cerning them, because they have been partially destroyed by the improve- 
ments made in the city. Mr. Weed writes: 

“The ‘Big Rock’ boulder, formerly located in the city of Newburgh, on 
the northeast corner of First and Stone streets, was measured in September, 
1890, just after the workmen had begun to blast it away. At that time it 
measured sixty-two feet from north to south, and eighty-eight feet from east 
to west, and was fourteen feet high. The measurements were made at the 
ground but, according to the laborers, fully six feet had already been blasted 
off the top. The boulder had a rounded form above ground. 


* Report G 6, Pennsylvania Geological Survey. 
e 
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“The second boulder is on Gidney avenue, near the limestone ridge and 
cliffs, known as “ Limestone hills,” on the south side of the avenue, and about 
200 feet from it. It hes on a gentle east-southeast slope, and the longer axis 
lies in a line N. 20° E. The length of the boulder in this direction is 
seventy-one feet; breadth at right angles forty-nine feet, nine inches; circum- 
ference parallel with the surface at half the height, 188 feet; longitudinal 
measurement over the top, from ground to ground, 130 feet; transverse, over 
the top, 87 feet.” 

Mr. Weed further writes that the sandstone boulders occur in abundance 
on Cronomer’s hill, about New Mills in the city, at Stewart’s farm, southeast 
of Powder Mills (very large and abundant), and at Vail’s Gate. 

Another area of boulders occurs in Tuxedo township, west and south- 
west of Southfield. They are all of gneissic rock and oécur singly or in 
groups. Several large limestone boulders were found on the slopes of 
Mounts Adam and Eve. The peculiar manner in which they have weathered 
is well shown in the accompanying plate. 

The terraces in the valleys are of two classes, estuary terraces and stream 
terraces. The stream terraces are best developed in the valley of the 
Delaware river. The first terrace above the river and one representing its 
flood plain, is 420 feet A. T. The greater part of the villages of Port Jervis 
‘and Matamoras are built on it. There is a second terrace about 475 feet 
A. T. It forms a broad, level bench on which the upper portion of Port 
Jervis is built. It is underlaid by more coarse material than the lower one. 
This bench extends up the Neversink valley to a considerable distance. 

Along the Hudson river from Roseton to Cornwall-on-Hudson and 
around West Point there is a level or very gently sloping quaternary terrace 
of variable width. It is mostly underlaid by clay and sand, but sometimes 
by boulder till. The clay, which is of great economic importance, was 
deposited during a post-glacial depression of the Hudson river valley which 
amounted to eighty feet at New York city and 240 feet at Albany. The 
terrace at Newburgh extends up to 210 feet, and at West Point it is 180 feet. 
At Roseton the terrace is only 120 feet, but it may represent the lower terrace 
which is found at other points along the river. The estuary material at 
Roseton is also found at higher altitudes. 

South of Newburgh, the terrace broadens rapidly until it reaches its 
greatest development around Cornwall. This town as well as Newburgh 
and New Windsor are situated on the terrace. At Cornwall, much of 


the terrace is underlaid by boulder drift, and an excellent section is 
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seen at the north end of the Cornwall station of the West Shore rail- 
road. Around the mouths of Moodna river and Quassaic creek, the delta 
deposits form a large portion of the terrace escarpment. The southern 
portion of Newburgh is built on the delta deposits. of Quassaic creek. The 
deltas show a characteristic structure and their materials are coarse sand and 
gravel, with patches of coarser material in places where the currents were 
switter. They often overlie the clay to a thickness of from ten to fifteen feet. 

Good sections of the Moodna delta can be seen from the train as it 
crosses the New York, Ontario and Western railroad bridge about one and 
one-half miles northwest of Cornwall. The clays underlying the terrace 
vary in thickness. At Roseton there are 270 feet of clay under the terrace, 
108 feet of which are above river level. The clay is greyish blue and 
generally weathers yellow in its upper portions. It is often capped by 
several feet of fine sand and gravel. At New Windsor the clay is yellow, 
tough, and frequently contains glaciated boulders three to four feet in 
diameter. Just north of Cornwall, at Hedge’s brick yard, the clay at the time 
of a previous visit by the writer in 1891, showed that peculiar crumpling 
of a few layers between undisturbed ones, noticed at other localities and 
described in the Tenth Annual Report of the New York State Geologist, 
page 189. This distortion is produced, either by a slip, or by pressure of the 
overlying delta deposits. 

Another terrace area begins north of West Point on the southern slopes 
of Crow’s Nest, and continues to a short distance south of the point. 
The shore line here is 180 feet A. T., and the government buildings are 
situated on the terrace. The underlying material is mostly boulder till, 
which is well exposed in the railroad-cut just north of West Point. From 
West Point to Fort Montgomery there is little evidence of terrace material, 
probably because the low ridge of gneiss along the river prevented the 
deposition and facilitated the erosion of much estuary material. 

Of importance among the quaternary deposits of Orange county are the 
numerous old lake-beds which especially abound in the Hudson river area. 
The lakes were formed by the damming up of the valleys and depressions 
between the slate ridges, and they disappeared through the subsequent filling 
of their basins or the cutting down of their outlets. Black soil underlies the 
surface to a depth of from five to fifty feet, and this, according to Mather*, is, 
in turn, underlaid by marl. I was not able to find any evidence of this, either 
by personal observation or inquiry. The largest of these old lake bottoms is 


* Geology of New York, First District, 1842, page 16. 
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the Drowned Lands, which until fifty years ago was an undrained and useless 
swamp, but is now rich farming land. This area extends from Denton on 
the north to the New Jersey state line, a distance of twelve miles. Its width 
is from two to three miles and its area within the county, 17,000 acres. 
The lake had its origin in a drift dam northeast of Denton. The Wallkill 
river follows a winding course along the western side of this area, and sub- 
merges it entirely during the spring floods. Other lake bottoms are the 
Greycourt meadows, Black meadow swamp, Pine swamp, ete. 

Several excellent examples of lake-filling are to be seen in Orange 
county. Of these the swamp at the north end of Orange lake west of 
Newburgh shows the former extent of the lake. Others are Glenmere lake 
east of Florida, Little Cedar pond two miles southeast of Sterling, and Little 
Long pond two miles south by east of Southfield. The rocks are often 
scratched and smoothed by the ice, and a fine example of glacial polishing 
northwest of Monroe deserves special mention. ‘This is in a field west of the 
road from Monroe to Bagg’s clove and just before a road turns off to the east 
along the base of Bull hill towards Oxford. The Oriskany quartzite has here 
been polished until it presents a surface like a mirror, and objects can be 
distinctly seen reflected in it. On Shawangunk mountain the striae are 

N. 30° E. and N. 60° E. 


Economic Geology of Orange County. 


Roap Marerrars. Orange county has an abundance of good road-making 
materials, but in few sections of the county are they taken advantage of, owing 
either to indifference on the part of those persons on whom the maintenance 
of the roads depends, or to a lack of the knowledge of the value of these 
materials, 

The old method of working the roads by digging a mass of loose stones, 
dirt and roots from the roadside and throwing it upon the road, is still 
followed to a large extent, with the usual poor road resulting. This is the 
mode in regions where good material is near by, and even known to the road 
repairers. Their use, however, requires a trifle more labor. 

The road-metals found within the county are: slate and shale, limestone, 
sandstone, granite, and gravel. 

Gravel and Sand ‘The gravel has the most extended use of the available 
road materials of the county. The localities furnishing it are too numerous to 
require mention, and are found in every township. When the gravel is 
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argillaceous or contains a great admixture of fine sand it makes only a fair 
road, but a top-dressing of five or six inches of moderately fine gravel, evenly 
laid, generally produces good results. In Tuxedo township very excellent 
roads are maintained by using sand and gravel, but this is partly because a few 
men are constantly employed going over the roads and repairing any break 
that appears. This method costs the township $40 per mile per year, and 
there are 2,400 miles of road to be repaired. 

Slate. About two-thirds of Orange county is underlaid by slate, and the 
roads within this area are usually good where there is not a deep covering of 
drift. A layer of siliceous slate produces a smooth, hard road, which in dry 
weather makes comparatively little dust. This material is extensively used in 
the Neversink valley northeast of Port Jervis, and the roads in that region are 
among the best in the county. 

A gritty shale or slate causes less mud than an argillaceous one. The red 
Longwood shales northeast of Highland Mills make an excellent road-metal 
and are extensively used around Central Valley, Highland Mills and Woodbury 
Falls. Several large quarries have been opened in this rock on the south- 
western slope of Pine hill. 

Around Port Jervis the Marcellus and Hamilton shales are also used 
with satisfactory results. 

Sandstone. The Shawangunk grit makes one of the best road materials 
in the county. Its chief use, however, is for railroad ballast, and there is a 
large quarry in this rock one mile west of Otisville. This quarry is on the 
property of R. Roberts, of Otisville, but it is leased at an annual rental by 
the New York, Lake Erie & Western railroad which operates it with a 
force of one hundred men for about five months every year, with a 
daily output during that period of about 275 tons a day. The bore-holes 
have to be made with hand drills on account of the numerous irregular 
cracks which traverse the rock. The stone is broken in a Blake crusher at 
the quarry. . 

Granite. The stripping and trimmings from the granite quarries at 
Mounts Adam and Eve are used to some extent for making macadam roads 
in Goshen, 

Limestone. The Calciferous limestone is quarried southwest of New- 
burgh for macadam roads. It is somewhat siliceous and makes a good 
paving material after being crushed and screened at the quarry which 
belongs to the Miller Brothers. The stone sells for $1.00 per ton, and the 
quarry is operated about two months every year. i 
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Gneiss. A mile southeast of Southfield and along the Erie railroad is a 
large quarry in the quartzose gneiss. It is operated solely for road-paving 
purposes. The rock is crushed and screened at the quarry. 

Mr. Josiah Mead is the owner. The material is all shipped to Colfax & 
Steele, of Paterson, N. J. . 

Brick-Ciays. These are the only grades of clay found in the county. 
The important and most extensive development of this material is along the 
Hudson river, in whose valley there exists the greatest brick manufacturing 
industry of the United States. The clay beds extend almost continuously 
from Roseton on the north to Cornwall on the south. The firms engaged in 
the manufacture of brick in this area together with the location and the 
capacity of their brickyards, are enumerated in the following list : 


Locality. Workers. Owner. : Capacity 


in millions. 
Roseton, . . . Jova Brick Works, . Jova Brick Works, 22 
J. Rose & Co., Rose Brick Co., 40 
New Windsor, E. Lang, E. Walsh, 8 
J. Gillis, J. Gillis, 4 
H. Davidson’s Sons, H. Davidson’s Sons, 4 
W. Lahey, W. Lahey, 10 
David Carson, David Carson, 4 
Cornwall,. ..C. A. & A. P. Hedges, C. A. & A. P. Hedges, 10 
Goshen,. . . . 1. van Lengen, 2 


The chief market for all, except the last on the list,is New York city 

and Brooklyn. 
_ A detailed account of these clay beds has been given by the writer 

in the Tenth Annual Report of the New York State Geologist, and only a 
general mention of them need be made here. The greatest known thickness 
of the Hudson river clay is at Roseton, where there are 108 feet of clay above 
the river level and 170 feet below it, as determined by a drive-well, giving a 
total thickness of 278 feet. Between Newburgh and Cornwall the clay is 
generally tough, with more or less boulders scattered through it, and there is 
a varying cover of delta material. The clay at Roseton and Cornwall-on- 
Hudson is, on the contrary, well stratified and very soft, but it is likewise 
overlaid by delta deposits. The soft mud process of manufacture is the one 
used at all the yards, and only common brick is made. 

The following is an analysis of the clay used by the Jova Brick Works 
and furnished by them : 
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The clay deposit at Goshen is local, covering several acres and having 
a depth of about thirty feet. The yard is run to supply the local demand. 
Drain tile is occasionally made. 

The following analysis of clay from the Drowned Lands is given in the 
New Jersey Geological Survey’s report, 1891: | 
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Live. The limestones of Orange county are all magnesian with the 
exception of those of the Helderberg series. While many of the large ledges 
in the county have been quarried for lime at one time or another, but little is 
made at the present day. There are several kilns in operation two miles 
southeast of Monroe, and considerable lime is also being made from the 
Cambrian limestones west of Newburgh. These are the only two active 
localities. ‘There was formerly a very large amount of quarrying done in the 
limestone ridge northeast of Arden to supply flux for the furnaces. Another 
active quarry was southwest of Otisville, in the Pentamerus limestone. 
It is probable that most of the Orange county limestones contain a rather 
high percentage of silica. 

Leap. Lead occurs in fissure-veins at many points along the Shawan- 
gunk mountain, and the prospecting of these caused considerable excitement 
in former years. The largest opening made was at Guymard, in Mount Hope 
township, eight miles from Port Jervis. The deposit is a true fissure-vein. 
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It is three to four inches wide and runs N. 70° E. Several shafts were 
sunk, and one was carried down 400 feet. The surface rock is Shawangunk 
erit, but the vein no doubt reaches the conglomerate.* Crushers and jigs 
were used to concentrate the ore and separate the sphalerite. The mine has 
been abandoned for fifteen years. 

Burtpine Stone. The most important quarries are in the granite of 
Mounts Adam and Eve, and Pochuck mountain, all in Warwick township. 

The Adam and Eve quarries are in a coarse-grained granite, but those on 
Mount Adam have been little worked on account of the variable character 
of the granite which is cut by numerous irregular pegmatite veins. The 
Mount Eve quarry, however, is worked by the Mount Eve Granite Co. The 
granite of Pochuck mountain is coarse grained and lighter colored than that 
of the two preceding quarries. The quarry has been in operation for about 
five years. It is situated about one-third the distance up the mountain. The 
owner is Mr. Hinchcliffe, of Paterson, N. J. Large dimension blocks are 
obtained from this quarry, and most of them are sent to Orange, N. J. The 
limestone of Mount Lookout has been used to a limited extent for building 
purposes. It has been put in the Presbyterian, Methodist and Roman 
Catholic churches at Goshen.+ 

The Shawangunk grit has been used by the Erie railroad for abutments. 

Fracstones. The Hamilton and Chemung flaggy sandstones have been 
utilized to a small extent for paving, the former being obtained from Skunne- 
munk mountain in Monroe township, and the latter from the western part of 
Deer Park township. 

Those on Skunnemunk mountain are the Davidson quarries below the 
Seven Springs Mountain house, and farther down the mountain on O, H. 
Cooley’s land, northwest of Monroe. The strata are thin-bedded sandstones 
of irregular thickness, and are often broken by many joints. Those thus far 
opened have been of little value on account of the irregular character of 
the rock. 

In Deer Park township the stone is of similar nature, but slightly 
better. Many openings have been made and a few of these are still operated 
at times to supply the local demand. The more important ones are those of 
Mr. Myers and the Jackson Bros., west of Rose Point, and Robert Coulter’s, 
north of Sparrowbush, 

Iron Ores. There are many small and a few large deposits of iron ore 


in the Highland region of Orange county, and in former years there were 


== = 
* Report G 6, Pennsylvania Geological Survey, p. 161. 
+ Bulletin New York State Museum, Vol. If, No. 10, 
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many active mines. The majority of these are no longer in operation, owing 
to the poor quality of the ore and the cost of operating them. In many 
instances the ore had to be hauled three or four miles. The two active 
mines are the Forest-of-Dean, in Woodbury township, and the mines of the 
Sterling Iron and Railway Company in Tuxedo township, at the southern 
end of Sterling lake. The Sterling mines were in operation during the 
Revolutionary war and have so continued since. Many openings have been 
made in the area around the lake, and abandoned after being worked to 
various depths. The company owns 20,000 acres of land and the following 
mines are on it: Crawford, Behring, Moorhead, California, Sterling, Clark, 
Lake, Oregon, Spruce Swamp, Hard, Cook, Scott, Mountain, Causeway, Long 
and Augusta. The oldest and most important is the Sterling mine which 
was opened in 1750, and a furnace built in 1751. The ore-body is of large 
size and, according to Smock*, has undulating foot-walls, the rolls running 

N. E. and S. W. There is said to be a fault on the south side of the mine— 
by which the ore is displaced ten feet. At present the slope of the Sterling 
mine has gone down 1000 feet on the dip. Levels are run off every fifty 
feet (see figure) and after all the levels are driven, lifts will be sunk 
between them. The thickness of the bed varies from five to twelve feet 
and the ore is sharply defined from the walls. 

The Lake mine lies to the north of the Sterling and evidently is a 
portion of the same ore-bed which has been divided by a pinch. This pinch, 
is about 250 feet long. The slope of the Lake mine, which descends 
diagonally on the dip, is 1100 feet long and the ore-body extends under the 
lake. The wall-rock of these two mines is a hornblendic gneiss; associated 
with the magnetite along the border of the ore-body are amphibole, pyroxene, 
epidote, red and white feldspar, tourmaline and quartz. Beautiful inter- 
growths of quartz and tourmaline are common. 

The Sterling ore averages sixty per cent. iron and four per cent. phos- 
phorus; the Lake mine, fifty-nine per cent. iron and nine per cent. phosphorus, 
while the monthly output of the two mines is respectively 4000 tons and 
2000 tons. 

Compressed air is used to operate the drills and one of the compressors 
is run by water-power derived from Sterling lake. Plate XLII shows the 
surface workings of the mines, the dump-heaps seen up the hill being from 
the quarry workings of some of the abandoned ones, for the ore-body of the 
Lake and Sterling mines formerly extended up the surface of the hill, there 


* The Iron Ores of New York.—Bulletin New York State Museum, Vol. II , Number 7. ( 
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being little or no rock covering the ore. The old Clark working is half-way 
up the hill, and affords a fine example of pinching and swelling of the ore-bed, 
as shown in a foregoing figure. Considerable ore has been obtained from 
this mine. 

One mile to the northeast of the Sterling mine, is the Augusta mine, 
which was of considerable importance in former years. A plan of the 
ore-body is shown in Plate XLIX. The ore had been mined for a distance 
of 100 feet on the dip. This mine has been recently opened again. A 
longitudinal section, or rather side elevation of the section, is given in the 
lower portion of the same plate, and in Plate L are shown a number of 
transverse sections drawn along the lettered lines indicated in the upper 
drawing of the previous plate. It will be seen from these that the ore-body 
was long and flat. A fine fault is exposed in the hanging wall at the mouth 
of the mine (Plate XL). The exact amount of displacement is not known 
and it does not show in the sections of the ore-body. 

The Causeway and Mountain mines include several small and parallel ore- 
bodies, which are shown in plan in the upper portion of Plate L. A side 
elevation of the section of those of the Mountain mine is also shown in the 
upper‘ right-hand portion of the same plate. It will be seen from this that in 
each case the ore cropped out at the surface, and that in one instance the 
bottom of the ore-body had not been reached when the mine was shut down. 
The writer is indebted to Mr. Knox, the superintendent of the Sterling mines, 
for permission to reproduce these sections and also for other information 
concerning the mines in this region. 

The Scott mine is a mile and one-half northeast of the Sterling, and was 
formerly of considerable importance. According to Smock*, it has reached a 
depth of 430 feet on the slope and its levels have an extreme length, along the 
strike, of 900 feet. The ore-bed is four to eighteen feet thick. At the Cooke 
mine, which is south of the Scott, the shaft has a vertical depth of 250 feet. 
None of these mines afford bessemer ores. 

The Forest-of-Dean mine is situated five miles west of Fort Montgomery. 
It has been inactive for a considerable period, but was started up again 
last August. The mine is owned by the Port Henry Iron Co. and is 
operated by the Forest-of-Dean Iron Co. The ore-body is large and some- 
what lenticular, with a thickness of ten to forty feet, and a width of as much 
as eighty feet in places. A slope is sunk on the pitch which is 22° N. E. and 
the full width of the vein is stoped out. Pillars are left at intervals to 
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support the hanging wall. The wall-rock is a feldspathic biotite gneiss which 
dips steeply to the east. The ore-body is cut by a camptonite dike six feet 
wide, and a horse divides the ore at the roof, but farther down extends across 
the ore-body. According to Smock, this horse shows a synclinal structure. 
Figure 21 gives a section and plan of the ore-body. 

The ore is non-bessemer and the following analysis of it is given in 


Smock’s report : 
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The slope is about 1,600 feet long, and the ore is raised in a car. It is 
trammed to a point within two miles of Fort Montgomery, whence it is carted 
tothe river. This item of transportation would greatly increase the cost of 
operation of the mine were it not for the fact that the entire plant is operated 
by water-power. This is generated by two overshot wheels forty feet in 
diameter and six feet wide. The mine-water is raised through a vertical shaft 
located 900 feet east of the mouth of the slope. The ore is used in the 
furnaces at Poughkeepsie. 

Sos. About two-thirds of the county is underlaid by the Hudson 
river slates, which are usually thinly covered with drift. The soil of 
this region produces excellent hay and the area is extensively given over to 
dairy farming, the products of which have made the county well known. 
Very little else is raised in the slate region, except in the northeastern 
portion, where the stony soil and hilly ground produced by the coarse drift 
and sandstone, are admirably suited for the cultivation of grapes. 

The lmestone areas afford a good soil, in their more elevated portions, 
but they are often areas of depression and occupied by swamp land. 

These swamps, however, occur not only in the limestone region, but also 
in many parts of the slate area and form perhaps the most important agricul- 
tural feature of the county. The rich black soil of the swampy tracts is 
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enormously productive, and some of it is worth $300 an acre. This soil is 
generally planted with onions, and 700 bushels per acre is not an uncommon 
yield. Potatoes or corn are generally planted in alternate years to relieve 
the soil. There are about 40,000 acres of swamp landin Orange county. The 
largest of these areas is the Drowned Lands in Warwick, Greenville, Minni 
sink, Wawayanda and Goshen townships and covers 17,000 acres. Until 
about sixty years ago the area was covered by several feet of water held 
in by a natural dam of glacial drift at the north end. A canal cut through 
this dam has redeemed the land. From the Drowned Lands there arise islands 
of limestone or drift, which are named Pine, Great, Pellet’s, Gardner's, 
Merritt’s, Cranberry, Black Walnut, Fox and Seward islands. Other import- 
ant swamp areas are: Greycourt meadows, covering 500 acres and extending 
from Craigsville to Chester; Black meadow in Goshen township, 1,000 acres ; 
Long swamp, southwest of Edenville in Warwick township, 1,000 acres ; 
Tamarack and Purgatory swamp in Hamptonburgh; Big swamp, north of 
Orange lake; Great swamp, near Coldenham, New Windsor township; Great 
Pine swamp, which begins near Howells and extends northward and east- 
ward about seven miles in the town of Wallkill; Little Pine swamp, east of 
Thompson’s ridge; Pine Bush swamp in Crawford township, Pakadasink 
swamp in Greenville, and Barton swamp in Cornwall township. 

Mrverar Sprrves. The only mineral spring in the county, of which 
the writer has any knowledge, is a chalybeate one, in the Highlands east of 
Mountainville. It is known as Sutherland’s spring. 

Warer Power. Aside from the small streams furnishing local grist 
mills, water power is supphed by the Shawangunk kill, Wallkill river, 
Moodna creek, Quassaic creek and Ramapo river. | 

The Shawangunk kill is little used, except for small grist mills. The 
Wallkill river is a sluggish stream with little fall until it reaches Walden and 
Montgomery, at both of which points it cuts down through the Hudson river 
slates. Two mills and a paper factory are in operation at Montgomery where 
the fall is increased by a dam across the river. 

At Walden the river has a natural fall of twenty-six feet, but since the 
dam above the bridge was constructed, a fall of thirty-two feet is obtained. 
This fall is utilized by the New York Knife Co., employing 350 hands. The 
water passes though six turbine wheels, which generate 195 horse-power. 

Mr. Moore, the superintendent, estimates that, even in dry weather, there 
is sufficient flow of water to furnish 1,200 horse-power. The reclaiming of the 
swamp lands farther south has had a material effect on the stream. The 
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Wallkill Valley Knife Works, below the bridge, receive sixty horse-power from 
the river. Orange lake supplies Quassaic creek which flows southeast and enters 
the Hudson river at the south end of the city of Newburgh. The flow of 
water from the lake is regulated by gates, but there are so many firms receiving 
power from the stream that in a dry season, like that of 1895, they have to rely 
wholly or in part on steam-power. Between Orange lake and the powder 
mills there are several small grist mills receiving power from the creek. In 
spring and early summer the creek is utilized by the powder mills. 

Within the city limits the factories receiving water-power from Quassaic 
creek are : 

Newburgh Woollen Mills, twelve feet fall and one wheel furnishing 
twenty-eight horse-power. This is used from February to May, depending on 
the season. 

Saxony Silk Co., eighteen feet fall, two turbine wheels, thirty and forty 
inches respectively, which together furnish seventy horse-power. They are 
used about seven months of the year. 

Ross’s flour mill, twenty-four feet fall, sixty horse-power. Used nine 
months of the year. 

Newburgh Bleachery, twenty-one feet fall, and one hundred horse-power 
derived. Used eight months of the year. This factory has a large reservoir. 

Adams & Bishop Paper Mill, Little Falls Paper Co., and Hudson River 
Woollen Mill. These three all receive a small amount of power from the stream. 

Moodna creek is utilized at Salisbury Mills, but otherwise is of no 
special importance. 

The Ramapo river furnishes power to several grist mills at Monroe and 
one at Turners. Its branch entering at Arden is an active stream with 
considerable fall and could no doubt be profitably utilized. 

The Neversink river is not utilized for water-power and has little fall 
within the limits of Orange county. 

Water Suprery. A word should be said regarding the water supply of 
the towns within this county. There is a large number of lakes, especially in 
the Highland region which contain an abundant supply of clear water. Of 
these Long pond, south of Monroe, supplies the town of Chester, and a pipe is 
being laid from Mount Basha lake to supply the town of Monroe, two miles 
north of it. Little Long pond in Highland township, furnishes the Government 
reservation at West Point, while Little pond west of Newburgh furnishes that 
city with its drinking water. The city of Middletown has constructed a 
reservoir by damming the valley of a creek to the northwest of the town. 
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Report on the Crystalline Rocks of St. Lawrence County. 


By C. H. Smytu, Jr. 


The field work done in St. Lawrence county during the summer of 1895, 
consisted in a continuation of the reconnaissance of the crystalline rocks of 
the region, begun some time since, and carried on in part. privately, and in 
part under the direction of the State Geologist. This reconnaissance has now 
been extended over about two-thirds of the crystalline area of St. Lawrence 
county, and also considerable tracts in Jefferson and Lewis counties, the total 
area covered approximating 2,000 square miles. 

The present report is particularly concerned with results obtained in a 
new territory comprising the towns of De Peyster, De Kalb, Hermon, 
Edwards, Canton, Russell, Potsdam, Pierrepont and Parishyille; together 
with points re-examined in the towns of Gouverneur, Rossie and Fowler, 
which were covered in the examination made during 1898. Certain facts 
observed during 1894, in the towns of Pitcairn, Fine, Clifton, and Diana, 
Lewis county, which have been already described in part,* may prove of 
value in this connection. 

In making this reconnaissance, the main object was to learn the distribu- 
tion of the crystalline limestone formation, for which the name Osiwegatchie 
series was suggested in a previous report.t A special effort was also made 
to ascertain as many facts as possible bearing upon the question of the origin 
of the great areas of gneisses, and the relation existing between these rocks 
and the limestones. 

Distribution of Crystalline Limestones. As a wider territory was covered, 
the distribution of limestones was found to conform to the same order as in the: 
case of the more limited areas previously described. They form belts, many 
square miles in extent, stretching in a northeast and southwest direction ;, 
and, in addition to these, small scattered patches, irregularly distributed, and 
varying greatly in size. By far the largest limestone belt is that which is 
traversed longitudinally by the Rome, Watertown & Ogdensburg railroad 
from Antwerp to a pomt some two miles east of De Kalb junction. The belt 


begins at the former village, but extends some miles northeast of the latter, 


* Bulletin Geological Society of America, VI , pp. 263-284, 
+ Report of State Geologist for 1893, pp. 493-515. 
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the railroad leaving it at the point stated. Scarcity of outerops prevents a 
precise location of the limit in this direction, but it is probably eut off by 
gneiss about two miles south of Canton village. It may possibly, however, 
be connected with an area of limestone in the southwest corner of Potsdam, 
although the latter appears to be entirely surrounded by gneiss. 

The linear extent of this belt from Antwerp to its probable end in 
Canton, is about thirty-five miles. Its width in a northwest-southeast 
direction is extremely variable. Beginning in Antwerp with an average 
width of about two miles, it expands rather suddenly to six or eight miles in 
Gouverneur, narrowing again as it passes out of this township to the north- 
east. Along the northern boundary of Gouverneur, gneiss appears in long, 
narrow strips, whose precise extent is uncertam; so that it is not clear 
whether or not the Gouverneur limestone belt is separated entirely from a 
large area which extends from Theresa, across Rossie and Macomb, and 
disappears under the Potsdam, in De Peyster. If distinct, these two belts can 
have only a very narrow strip of gneiss between them to the west, and the 
indications are that this disappears entirely in the vicinity of Yellow lake, in 
Rossie. Eastward, in De Peyster and De Kalb, a large area of gneiss comes 
in between the two limestone belts. The southern edge of the Gouverneur 
belt is more clearly defined, and an extensive area of gneiss separates it 
from the next belt to the south. The latter, which may be called the 
Edwards belt, begins in Fowler, crosses Edwards, and seems to run out in the 
western part of Russell. Its area is much less than that of the Gouverneur 
belt, but it is of economic importance on account of its tale deposits. This 
belt is quite sharply defined, although along its southern edge there is a 
rather confused mingling of limestone and gneiss, of much interest and 
deserving careful investigation. Another wide stretch of gneiss separates the 
Edwards belt from the Diana belt, which crosses the towns of Diana and Piteairn 
with a width of about two miles. Directly southeast of this belt, that is, 
normal to the trend of the belts, the country has been examined for only a 
few miles, but to the south it has been traversed some thirty miles or more 
without the finding of any limestone. However, it is not certain that other 
belts may not exist in the forested region to the southeast, although facts to 
be stated below indicate that this is probably not the case. 

These four belts, or, if the Macomb and Gouverneur belts be considered 
one, three belts, comprise a large proportion of the crystalline limestone of 
the region examined. The remainder is found in the scattered patches to 


Which reference has been made. These occur both near, and at considerable 
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distance from, the large belts, and range from less than a mile to several 
square miles in area. There is nothing to distinguish them from the larger 
belts except their limited dimensions, and they must be regarded as 
constituting a portion of the limestone series. 

As to the character of the limestone in the various areas, it is scarcely 
necessary to speak here, descriptions having already been given in the papers 
above cited.* It is always highly crystalline, ranges in color from white to 
dark bluish grey, and often contains disseminated and aggregated silicates. 
Of these, the most important are serpentine, forming ophicalcite, and 
tremolite. The latter renders the rock more resistant to weathering, and 
sometimes is so abundant as to constitute a tremolite schist. The limestone 
contains a variety of gneissoid rocks, some of which are doubtless interbedded, 
while others are probably altered intrusives. These gneisses often show 
a great amount of contortion and crushing, as a result of the application of 
inteuse pressure. The limestone itself, on the other hand, presents a massive 
undisturbed appearance, with no indication of its subjection to pressure 
beyond the development of polysynthetic twinning—}R. Owing to the 
difference in the nature of the rocks they have been affected very differently 
by pressure, the gneiss having yielded by folding and fracture, the lmestone 
by flow. It is quite possible, however, that a considerable amount of 
fracturing actually occurred in the limestone, but this has been obliterated by 
subsequent recrystallization. 

In considering the small patches of limestone, a point which should not 
be overlooked is that, owing to the easy weathering of the rock, outcrops are 
more generally wanting than in the case of the surrounding resistant gneiss. 
For this reason, the real extent of these areas is probably often greater than 
it appears, while there are, doubtless, many such patches that have been 
entirely overlooked. 

When the distribution of the limestones is viewed in a broad way, it 
becomes apparent that these rocks have their greatest development in the north- 
western part of the region, decreasing as the eastern and southern parts of the 
county are approached. In the former district lie all of the extensive belts, 
while in the latter only scattered patches of limestone occur, gneiss being the 
prevailing rock. This relation is very marked and is probably persistent 
throughout this portion of the Adirondack region. There can be little doubt 
that the combined Macomb and Gouverneur belts constitute the most extensive 


area of crystalline hmestone, and that the rock decreases rapidly in passing 


* Op. cit. ; also, Transactions New York Academy of Sciences, XIIL., pp. 97-108 and 203-217. 
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southeastward into the heart of the region. Nevertheless, no fixed limit has 
been found in this section beyond which the limestone can be said not to 
extend. It does not disappear, but simply decreases, occurring in smaller and 
more scattered areas. If it were regarded as a distinct formation (a point to 
be considered later), it could not be mapped as constituting a clearly defined 
and continuous area, but would necessarily be represented in detached 
portions ; and facts now at hand indicate that such portions occur scattered 
all through the Adirondacks. Hence the distribution of the limestone forma- 
tion is, in a sense, co-extensive with that of the entire series of crystalline rocks 
comprised in the Adirondack region; and the task of mapping the limestone 
formation, be it called Huronian, as has been suggested, or, as preferred by the 
writer, by the local term Oswegatchie, involves the entire problem of the 
Adirondack geology. For to map the limestone formation, its geologic 
limits must be first ascertained, and this necessitates the determination of 
its relations to the associated rocks. In the case of the anorthosites and 
gabbros, this has been done, as well as for some minor developments 
of granite, etc. But the origin of the gneisses which cover the greater 
part of the western Adirondack region, and their relation to the lime- 
stone are, as yet, unsettled, and constitute a problem requiring careful study 
for its solution. If, from such study, it should appear that the lime- 
stones and gneisses together constitute a single series, 1t would make up 
the whole of the area comprised within this report, except where 
certain intrusive rocks occur, and would, indeed, with this latter exception, 
probably make up the entire Adirondack region. On the other hand, should 
the limestone and gneiss prove to belong to entirely distinct formations, it 
would be a simple matter to trace their boundaries. But, finally, should it be 
learned that some portions of the gneiss belong with the limestone in one 
formation, while other portions belonged in another formation, then, judging 
from experience in the field, it: would become a very difficult matter to trace 
the boundaries of the formations, on account of the perfect gradations 
generally shown between different varieties of gneiss. The foregoing points 
were, in part, touched upon in a previous report, but it seems worth while to 
refer to them here, bearing, as they do, upon the whole question of aims, 
methods and results of geologic investigation in the Adirondack region. One 
fact may be safely premised, namely, that the different crystalline rocks of the 
region are so related to one another that the study of one involves, to a greater 
or less extent, the study of all, and the history of one portion can not be clearly 


stated without reference to other portions. This is, of course, meant to apply 
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to the broader problems, and of these, one is certainly the distribution of the 
limestones and their relation to the other rocks. 

The mere facts of distribution have been given above, their bearing upon 
the question of relation to other rocks will be considered in dealing with the 
relations of the limestones to the gneisses. This question requires, however, 
for its discussion, a previous consideration of the probable origin of the 
eneisses, 

Origin of the Gneisses. From the foregoing it is evident that the 
gneisses afford the chief problem of the region. This problem is twofold, 
involving both the origin of the gneisses and their relation to the limestones. 
While these two questions are intimately connected, and facts bearing on one 
are often equally important in their relation to the other, it may be more 
convenient to consider them separately. 

In the outset it should be stated that neither question is regarded as 
finally settled. It is often very difficult to procure data which bear definitely 
upon these questions, and as the rocks involved cover a great area, it is 
dangerous to generalize upon a basis of facts gathered in a small portion of 
the area. This difficulty has been somewhat reduced by the agreement of 
phenomena occurring at widely separated points, but it is, nevertheless, a real 
difficulty. In many cases, perhaps in most, no direct evidence is at hand, and 
it is necessary to reach conclusions by analogy. For these reasons, particu- 
larly on account of the limited amount of study as compared with the 
extent of the region, it is not deemed wise to state any very broad final 
conclusions, but merely to present such facts as seem to be of importance 
in their bearing upon the major problems of the region. What this bearing 
is, and to what conclusions the facts in hand seem to lead, must, of course, 
be stated; but the endeavor will be made neither to exaggerate the 
importance of the data, nor to deal with them dogmatically, 

Without going into the history of opinion on the subject, it may be 
stated that the gneisses have generally been regarded as metamorphosed 
sediments, such parallel structures as they possess being considered as result- 
ing from original bedding. 

The term gneiss is here used in a very broad sense, embracing rocks 
having a wide variation in structure and composition. The chief value of the 
term, when used without any qualifying word, lies in its breadth, and this 
value largely disappears if the term is restricted to a rock having the compo- 
sition of granite. Such a broad term is essential in the present discussion, 
not only on account of the lack of detailed investigation, but chiefly because 
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the different varieties of rock included under it, so constantly shade into 
each other, or are so intimately associated as to render their precise differen- 
tiation difficult or impossible. 

In composition, the rocks range from acidic, like granite, to basic, like 
gabbro. In structure they range from fine to very coarse, and from distinctly 
eneissoid, or even schistose, to entirely massive. The prevailing type, in the 
region here covered, is a fairly acid, light-colored rock, of medium or fine 
grain, and rather obscure foliation. It often looks as though its fine grain 
had resulted from a crushing of larger constituents. Other important 
varieties are: a coarse augen-gneiss and a porphyritic gneiss often extremely 
coarse, and nearly or quite massive. The dark-colored basic varieties seem to 
be much more limited in extent, the only large area noted being in South 
Russell. Brief accounts of some of these varieties have been given elsewhere, 
and need not be repeated, as such details as are necessary will be brought out 
in discussing the origin of the rocks. 

When this latter question is considered, three possible explanations 
present themselves as being worthy of careful consideration. According to 
one of these, the gneisses are metamorphosed sediments; according to the 
second they are of igneous origin; while the third comprises both of the 
others, regarding the gneisses as in part sedimentary and in part igneous. 

Dealing with the internal evidence alone, the parallel structures of the 
gneiss afford the only support for the hypothesis of metamorphosed sediments. 
And when the evidence is examined it appears very weak, for, as a rule, there 
is only a foliation which could not be regarded as In any way connected with 
original bedding, but is clearly a secondary structure, and often very incon- 
spicuous. Distinct banding that might represent original stratification is rare, 
and such bands as do occur are generally widely scattered and of limited 
extent, demanding, as shown below, a different explanation. Indeed, rather 
than showing pronounced banding, the rocks are very uniform in texture and 
composition over wide areas, and where they change, do so gradually. It 
may be safely stated that there is nothing in the structure of the gneiss as a 
whole, which demands, or even suggests, that it should be regarded as derived 
from a sedimentary formation. On the contrary, the complete absence of 
clastic structure, the lack of any trace of stratification, and the uniformity over 
wide areas are all opposed to such a view. 

The chief support for this hypothesis is found in the limestone associated 
with the gneiss. This is doubtless a metamorphosed sedimentary rock and its 


presence in long belts, whose trend is parallel to the foliation ‘of the gneiss, 
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suggests that they may be parts of one great series. This idea is strengthened 
by the fact that on the borders of the gneissic areas, as the limestone is 
approached, the gneiss is often finely laminated and quite similar to narrow 
bands of gneiss which seem to be interbedded with the limestone. But these 
laminated gneisses between the massive gneiss and limestone have been found 
to be the exception, not the rule, as was formerly thought, and hence, are of 
little importance in this connection. As to the parallelism of the foliation 
of the gneiss with the strike of the limestone, it is a necessary result if the 
foliation is a secondary structure resulting from the same pressure that folded 
the limestone. 

The alternation of broad belts of limestone and of gneiss, in the north- 
western portion of the region, is suggestive of a sedimentary series, in spite of 
some peculiarities of distribution, difficult to explain; but the scattered 
patches of limestone occurring in wide areas of gneiss to the south and east, 
are difficult to harmonize with this view. It has been thought probable that 
the limestone was confined to the region of the extended belts, and that the 
associated gneiss might be distinct from that of the southern and eastern parts 
of the county. But, as shown above, the limestone has no such limitation, 
and there is nothing to distinguish the gneisses of the northern townships 
from those of the southern. They must be considered together, at least for 
the present, as one great formation, with the limitations and conditions cited 
below. It seems clear that if the gneisses of the northern towns belong to the 
limestone series, those of the southern towns do as well. On the other hand, 
if the latter do not, neither do the former. The reasons, so far as the relations 
of the two are concerned, for regarding the gneisses as part of the limestone 
series having been stated, it must be admitted that they are extremely inade- 
quate. On the other hand, the gneisses themselves, with the exception of 
limited areas, lack every characteristic of a sedimentary series. Thus, both 
lines of evidence fail almost completely to establish the sedimentary origin of 
the gneisses. Nevertheless, the mere absence of proof that they are 
sedimentary cannot be taken as proving that they have not this origin. For 
it is entirely possible that the absence of proof results from extreme meta- 
morphism, and the evidence sought for might be found at any time, provided 
that some other origin can not be established. This latter condition leads to 
the consideration of the second hypothesis named above: that of dertvation of 
the gneisses from igneous rocks. 

Taking up first, as before, the internal evidence bearing upon the 
question, there are certain characteristics of the gneisses that are of import- 
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ance. They form wide areas between belts of sedimentary rocks, but 
themselves, as above stated, showing no trace of sedimentary origin. On the 
contrary, they show the uniformity of character that might be looked for in 
plutonic rocks, together with the gradual variation so common in rocks of this 
class. Such parallel structures as appear in the gneisses have been shown to 
have nothing in common with the bedding of a sedimentary series, while they 
are precisely such structures as appear in plutonic rocks as a result of 
pressure, or of flow before solidification. 

Sections of the widespread, fine, light-colored gneiss show it to consist of 
orthoclase, plagioclase, and quartz, with mica, hornblende or pyroxene, Either 
feldspar may predominate, and microperthite is nearly always present. As a 
rule, the ferro-magnesian minerals are in small amounts. With the exception of 
the quartz, the constituents are in grains, which often appear to have resulted 
from the granulation of larger grains, that is, the structure is cataclastic and 
the original rock must have been a coarse, holocrystalline aggregate; such as is 
typically afforded in the class of plutonics. Such a rock under pressure 
would yield the gneisses, and at many points the latter pass by insensible 
gradation into such a rock. That they have been derived from it by pressure 
is clearly indicated. In some cases this massive core is a coarse, evenly 
eranular aggregate, in others 1t is more or less distinctly porphyritic. The 
latter is perhaps the most common type, forming considerable and widely 
distributed areas. The case is analogous to that of certain gneisses of 
Canada, in which, as shown by Adams,* the cataclastic structure is usually 
accompanied by other indications of an igneous origin; while, in the same 
region, gneisses lacking this structure are thought to be derived from 
sediments. The fact that a gneiss is formed by crushing of a coarse 
holocrystalline aggregate does not prove its igneous origin, as this aggregate 
may have been formed by crystallization of sediment. But in the uae 
of distinct proof of the latter supposition, the probabilities favor the former ; 
and if all other kinds of evidence lead in the same direction, the cataclastie 
structure may be regarded as an important indication of igneous origin. 

The role of the quartz in the gneisses requires some special consideration, 
being, as above indicated, somewhat exceptional. Quite often the mineral 
shows the effect of crushing less than do the other constituents. While they 
are in small rounded grains, the quartz is often in large masses or long spindles. 
As the quartz could hardly flow while the feldspar fractured, the Saisae 
is obvious, and seems to 5 be well grounded, that, in the case of the quartz, there 


* American Journal of Scien nee ; (ITT) L., pp. 58 to 69, 
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has been crystallization after the production of eataclastie structure in the 
rock. While in many cases the quartz was probably an original constituent 
and has recrystallized; in others, it is doubtless secondary, the gneiss being 
more acid than the parent rock. The microscopic details upon which these 
conclusions are based need not be stated here. 

Where the cataclastic structure is lacking, the gneisses have the holo- 
crystalline granular structure of plutomc rocks, the grain varying con- 
siderably, and, in the coarse varieties, porphyritic structure bemg particularly 
common. Rapid variations of grain are often shown by the coarse porphy- 
ritic varieties, fine phases coming in quite irregularly, forming bands and 
masses with the aspect of the common, fine gneiss. They lack, however, 
the crushed aspect, and appear to be primary variations. The micro- 
scopic study necessary to determine this point has not yet been under- 
taken. The same localities often show the passage from the massive 
into the finely laminated crushed gneisses, the transition sometimes 
occurring within a few feet. It often happens that the passage from a 
coarse, massive, to a fine, well laminated gneiss is attended by a darkening 
of the color. 

But in other cases, where the coarse, light-colored gneiss occurs with a 
fine dark-colored variety, there is good reason for believing that a different 
relation exists between the two. In instances of the latter kind, the fine gneiss 
is usually cut by abundant granitic veins, which wander irregularly through 
the rock, with a tendency to follow the foliation if it is at all marked. At the 
same time, the acid gneiss contains masses of dark rock of great variety 
of form and size, and, in every respect like inclusions in an igneous rock. 
That such they really are scarcely admits of a doubt, and all uncertainty is 
removed where, as has happened in several instances, an irruptive contact is 
found between the light and the dark gneiss. Such phenomena point to two 
conclusions: first, all parts of the gneiss are not of the same age; and 
secondly, the massive, porphyritic gneisses are certainly in part, probably 
entirely, of igneous origin, being younger than, and intrusive in the fine, dark, 
gneisses. These facts, however, shed no light upon the origin of the latter, 
variety. 

The inference above drawn, as to the true nature of the porphyritic 
gneisses, becomes important in its bearing upon the general question in hand, 
when it is remembered that these rocks themselves make up a not inconsider- 
able part of the gneissic areas, and, moreover, that much of the finer gneiss 
is probably derived from them. 
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As regards these finer gneisses, there is a series of facts analogous to 
those described in the coarser rocks, so far as the inclusions are concerned. 
At many widely separated points, the fine pink and grey gneisses have been 
found to contain masses of very dark, rather fine rock. As it seemed probable 
that these masses might have some bearing on the problem in hand they were 
examined with care, and in many cases were sketched, or photographed. They 
may, for convenience of discussion, be divided into two groups: long narrow 
bands, and irregular masses. 

The bands vary in width from a few inches up to two feet or more, and 
may be some rods in length. They are seldom, however, continuous for any 
such distance, being divided into segments, evidently at one time continuous 
but now separated by masses of gneiss, from a fraction of an inch to several 
feet in width. To form these segments the bands have been broken squarely 
across, so that the blocks have a nearly rectangular or a rhomboidal outline. 
The dark rock of the bands is usually imperfectly gneissoid, with foliation 
parallel to the sides of the bands. Sometimes little fractures or gashes extend 
into the bands from either margin, and are filled with the material of the 
surrounding gneiss. Often several of these bands occur close together, when 
they are usually parallel with each other, as they nearly always are with the 
foliation of the gneiss. The filling of narrow cracks and veinlets in the bands 
is often ccarser than the surrounding gneiss, but as these become broader, 
and adjacent blocks are more widely removed from each other the filling 
material becomes identical with the normal gneiss. 

Several explanations may be suggested for the presence of these bands, 
and these may be briefly considered. In the first place, they may be regarded 
as indications of bedding in the gneissic series, in which sense they were 
alluded to above. But their limited and irregular occurrence, as well as their 
slight extent and sudden termination along the strike oppose this view. 
Other objections will appear in speaking of the next supposition. According 
to the latter, the bands are dikes intruded in parallel groups, and broken up 
hy subsequent pressure. At first sight this is a very plausible view, but it 
seems to be completely negatived by the peculiar separation of the bands into 
distinct blocks. Such blocks might result from faulting, but, in this case, no 
faulting has occurred ; while, if the dikes had been separated by stretching, 
the resultant blocks would have a tapering, elliptical shape, totally different 
from that they show. It is impossible to believe that under pressure the 
dikes would break into blocks, which would retain a rectangular outline, 


while the surrounding solid gneiss, under the same pressure, flowed around 
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them. This happens, as shown above, in the case of limestone and gneissic 
layers, but in the present case the rocks involved are too much alike to permit 
the acceptance of such an explanation. This objection holds good against the 
first supposition—that of interbedded layers. 

The possibility of the black bands being segregations in an igneous rock 
is, for the typical cases, excluded by their form, although it may be applicable 
to some occurrences. There remains the supposition that the black bands are 
fragments of an older gneiss, included in a gneiss of igneous origin. This 
explanation is the only one that appears to be in harmony with the facts, and 
free from serious objection. According to it, the bands owe their shape to 
their breaking from the parent mass, as they would, in the direction of 
least resistance. Their occurrence in groups is just what would naturally 
follow from such an origin, and the same is true of the irregular scattering of 
these groups. The parallel arrangement of the neighbormg bands doubtless 
results from currents in the molten magma, which would tend to produce such 
a result. It is probable that the breaking into blocks resulted, in part, 
from strains applhed after the magma was in a pasty and partially crystallized 
state. The blocks were more or less widely separated, and the intervening 
space was filled by the magma, which flowed around the blocks without 
destroying their angular contour, and, at the same time, often produced an 
obscure flow-structure in the gneiss, parallel to the sides of the inclusions. 
The fine fissures and cracks were filled with the more acid portions of the 
magma, which were last to crystallize, and were strained into these cracks, 
producing the coarser pegmatitic veins. These minor details, are not, of 
course, in the least essential to the explanation, although suggested by the 
phenomena observed in the field. The supposition as a whole accounts for 
the facts stated, and has, as yet, no strong evidence against it. 

The irregular black masses occur in much the same way as do the bands, 
differmg only in form and size. They are sometimes nearly circular, or 
elliptical, but more often extremely irregular, with an outline marked by pro- 
jections, and deep embayments. They often attain dimensions much greater 
than those of the bands. The foliation is often pronounced, quite commonly 
more so than in the surrounding gneiss. The two foliations, that of the black 
masses and of the gneiss, range from parallel with, to perpendicular to 
each other. Where the included mass is decidedly elongated in one direc- 
tion, this is usually parallel to the foliation of the surrounding gneiss. The 
foliation of the gneiss sometimes follows the sides of the black masses, as 


though it had flowed around them, and not infrequently, narrow, irregular 
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embayments in the blocks are filled with gneiss showing this structure 
parallel to the sides. 

To account for the masses as anything but inclusions in an igneous rock, 
is even more difficult than in the case of the bands. All of the phenomena point 
to this origin, while they present great diffic ulties in the way of any other 
explanation. It would seem, then, that at many widely separated points the 
oneiss contains masses that can hardly be explained as anything other than 
inclusions of some older formation taken up by the gneiss when it was in a 
molten state. At some points the evidence is much more decisive than 
at others, and while in the more obscure occurrences other explanations 
might suffice, in the typical cases the one offered seems to be demanded. 

From the foregoing it is apparent that the gneiss affords considerable 

internal evidence bearing upon the question of its origin, and all of the 
evidence points in one direction. To sum up briefly: there is the negative 
evidence of the absence of all structures pointing to sedimentary origin ; 
there is the uniformity of composition and structure over wide areas, with 
changes by gradual transition; there is the common occurrence of massive 
cores, in every way identical with plutonic rocks, and the presence of 
structures in the gneiss that would result from the application of pressure 
to such rocks; there is the existence of irruptive contacts between the 
abundant light-colored gneiss and the less common, and older, dark gneiss, 
together with the widespread instances of inclusions of the dark gneiss 
in the hight. 

While no one of these lines of evidence might be regarded as conclusive, 
it is believed that, leading as they all do in one direction, their cumulative 
force is great. 

There still remains the external evidence bearing upon the problem; 
and as this mvolves the relationship between the gneiss and the lime. 
stone, this latter problem must of necessity be considered. | 

The absence of any sufficient reason for regarding the gneiss and the 
limestone as portions of one series has been already pointed out. If 
distinct, the gneiss is either older or younger; and in the former case the 
relations of the two formations would shed no light upon the origin of 
the gneiss, while in the latter they might afford important evidence, 

No facts are at hand which prove conclusively that any part of the gneiss 
belongs to a series older than the limestone, but this mere absence of evidence 

can not be regarded as excluding the possibility of the presence of such 


older gneiss series, for, in the nature of the case 


an 
positive evidence is 


eis. 
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difficult to secure. As already reiterated, there is also no evidence that any 
considerable part of the gneiss is of the same age as the limestone; while 
many facts are opposed to this supposition. As to the third supposition, that 
the gneiss is, at least in part, younger than the limestone, there is positive 
evidence, and of such a nature as to give, at the same time, abundant proof as 
to the origin of these portions of the gneiss. 

An example of this kind in Pitcairn and Diana has been previously 
described, and need be only briefly referred to here. A large area of plutonic 
rock, in some parts gabbroitic, in others syenitic or granitic, forms the southern 
boundary of the limestone belt between Natural Bridge and Harrisville. The 
igneous nature of the rock is shown not only by its composition and 
structure, but also by the fact that it is clearly intrusive in the limestone, 
cutting it along a very irregular line with the production of well defined 
contact zones containing a variety of minerals. 

The plutonic rock is often shghtly gneissoid and in thin sections generally 
shows more or less cataclastic structure. Passing south and west from its 
boundaries these features rapidly increase and the rock becomes a reddish 
gneiss of medium grain. In itself there is no important feature to distinguish 
this gneiss from other gneisses, its only exceptional feature being its evident 
identity with the large area of plutonic rock intrusive in the limestone. Here 
then, is an important area of gneiss, for which the two chief problems are 
solved ; it is a modified plutonic rock, and is younger than, and intrusive in 
the limestone. No other instance has been found where the phenomena are 
exhibited on so extensive a scale, but facts similar in kind have been noted 
at several points. 

In the paper just referred to, it was stated that the southern border of 
the gneiss area between the Edwards and Pitcairn limestone belts, was com. 
posed chiefly of rocks undoubtedly igneous and intrusive in the limestone. 
An effort has been made to ascertain the relations on the northern edge, and 
in the one contact found between the two formations similar phenomena were 
observed. The locality is about three-fourths of a mile south of the village of 
Edwards. Here the gneiss is of the ordinary, rather fine type, which is so 
widespread. Its relation to the limestone is clearly shown, and it is seen to 
break through the latter formation with a most irregular irruptive contact. 
As in the case of the Pitcairn rocks, there is pronounced contact-metamorphism 
resulting in a formation of zones composed largely of coccolite, together with 
feldspar, scapolite, etc. This locality differs from the first described, in that 


it is the gneiss itself, and not the parent plutonic rock, which is in contact with 
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the limestone. About two miles south from this locality, towards the centre 
of the gneiss area, the road crosses a small patch of limestone only a few rods 
square, entirely enclosed in gneiss. It would be difficult to account for this 
as anything but an inclusion in an igneous rock, and that it is such, is further 
indicated by the fact that it is filled with contact minerals. Thus, the gneiss 
area between the Edwards and the Pitcairn limestone belts shows evidence on 
both its northern and southern boundaries, as well as towards the centre, that 
it is in part of igneous origin and intrusive in the limestone. The character 
of the gneiss throughout the area is such as to render it highly probable that 
this is true of the greater part of the rock. 

About two miles east of the village of Colton, near the town line of 
Colton and Parishville, the gneiss and limestone are shown almost, but not 
quite, in absolute contact. The structural relations are not such as to suggest 
conformity but rather the reverse, while near the contact the limestone is cut 
through and through by a pegmatitic intrusion. A characteristic contact zone 
is present, showing coccolite with titanite, tremolite, ete., and the pegmatite 
contains irregular masses of the same composition, doubtless inclusions of 
altered limestone. The position of the pegmatite is such as to suggest that it 
may be a secretion of a plutonic magma represented by the adjacent gneiss, 
and this idea is greatly strengthened by the fact that the gneiss itself contains 
coccolite masses precisely like those in the pegmatite, and very difficult to 
explain as anything but inclusions of altered limestone. The phenomena here 
are not conclusive but have value in connection with the facts shown at other 
localities. Within a mile north of this point there are several recurrences of 
structural relations suggesting intrusions, but showing no contacts. At one 
point, however, which must be almost, if not exactly, on the contact, limestone 
is shown with abundant large crystals of altered pyroxene, with other 
products characteristic of contact action. An analogous case is shown in 
Hermon, where, though no actual contact is shown, there is, just on the line 
where the gneiss and limestone should meet, a mass of scapolite, pyroxene 
and other contact minerals. ) 

The gneiss area north of Gouverneur village shows phenomena somewhat 
similar to those near Colton. No contact is shown, but the limestone in the 
neighborhood of the gneiss is often broken through by pegmatite. In this 
case the limestone shows little or no alteration, but the pegmatite itself 


becomes rich in titanite near the contact. The gneiss of this area also shows 


abundant examples of the black inclusions, and of passage into wholly massive 


phases, 
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The absence of any marked metamorphism of the limestone at its contact 
with the pegmatite, is a feature observed at a number of localities in the case 
of granites, and is of importance as showing that the mere absence of contact 
products can not be taken as proving an absence of igneous intrusions. An 
instance of importance is afforded in northern Rossie, where an area of rather 
massive gneiss is clearly intrusive in the limestone, while the latter shows no 
change, unless, perhaps, a slightly coarser grain than usual. The gneiss, how: 
ever, is, like the pegmatite of Gouverneur, rich in titanite near the contact. 
In the same vicinity, some two miles north of Rossie village, a rather dark, 
fine rock, in part massive and in part a gneiss, breaks through the limestone 
with an irregular irruptive contact. At some points along the line of contact, 
the metamorphism is confined to a zone not more than an inch wide, while at 
other points great masses of pyroxene, scapolite, apatite, mica, etc., are found, 
constituting an important mineral locality. The great variation in the amount 
of metamorphism at different points does not seem to depend upon any 
corresponding variation in the nature of the rocks involved. A probable 
cause may be suggested as afforded by an uneven distribution of moisture, 
the great masses of contact products being formed along channels affording 
a favorable transmission for heated solutions, and, in some cases, doubtless 
for gases as well. 

The two localities just described not only illustrate the variability in 
the degrees of metamorphism but also afford further examples of gneiss, 
igneous in origin and younger than the limestone. The development of 
large masses of minerals in the last case naturally suggests the possibility 
that other mineral localities of the region may show similar relations. As a 
matter of fact, the association of minerals at many of these localities is such as 
to lead to the inference that they have been formed by contact metamorphism. 
In the case of the well-known localities east of Natural Bridge this was found 
to be true, and at many other’ points similar relations are suggested, although 
the structure is not so clear, 

Numerous pits from which minerals have been collected in quantity have 
been visited, and in nearly every case they have been found to be opened on, 
or close to, the contact between gneiss and limestone. Pyroxene, amphibole, 
scapolite, feldspar and titanite are the common minerals, an association which, 
taker. with their mode of occurrence, is highly suggestive of contact meta” 
morphism, In most cases examined the gneiss is not part of an extensive 
area, but is rather limited and more like a sheet. or this reason it often has 


the appearance of being interbedded, thus making the structural relations 
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doubtful. But, as bearing upon this, it should be said that it 1s a very 
general rule in the region that intrusions of limited extent tend to assume a 
form decidedly elongated in the direction of the strike, and, as a result, often 
have the appearance of being interbedded, even where the facts clearly show 
their intrusive nature. 

The relations between the gneiss and the granite intrusive in the lime. 
stone must be considered in connection with the question under discussion. 
In the previous report it was stated that the granite often becomes very 
gneissoid, so much so that in some cases it can be distinguished only by its 
relation to the limestone. On this account no effort was made to separate 
granite from gneiss in the large areas of the latter. As the gneiss has been 
more carefully studied, the fact has appeared that much of it 1s quite as 
massive as the granite, and decidedly more so than the gneissoid phases of 
the latter. No petrographic distinction can be made between the massive 
eneisses and the granite, a fact of much importance in the present connection, 
for it at once leads to the inference that the granites may be offshoots of 
the gneiss, affording another indication of the origin and age of the latter, 
The existence of granitic areas in the gneiss was not doubted in the previous 
report, but it was felt that they might be of minor extent and importance, and 
so it was stated that the explanation of the great gneissic areas as intrusive 
must be employed with caution. 

In addition to the facts enumerated above, many cases have been observed 
where the structural relations of the gneiss and limestone are highly indicative 
of the intrusion of the former, although the outcrops do not suftice to prove 
conclusively such a relation. 

The data presented in the foregoing necessitate the following conclusions : 
All parts of the gneiss are not of the same age; some portions, of large 
extent, are of igneous origin; of these igneous gneisses part, at least, due 
younger than the limestone. These conclusions are merely the statement of 
what is clearly and definitely proved ; but, with the facts in hand, some more 
general inferences seem to be entirely justified. Indeed, in the case of 
extensive areas of the gneisses, positive evidence as to their origin and relation 
to other rocks will probably never be found, and the problems can be 
solved only by inference and analogy. Keeping in view what has been 
stated in regard to the rocks, their uniformity, gradual transitions, massive 
phases, inclusions, irruptive contacts, ete., scattered over widely separated 
areas, it would seem that the following inferences may be drawn as, at least, 
extremely probable: 
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The gneisses constitute a complex series of rocks, differing somewhat 
in age, and largely, if not almost wholly, of igneous origin; parts of this 
series are clearly younger than the limestones, and while other parts may be 
older than the latter formation, there is nothing as yet to prove that such is 
the case. An exception to the latter statement is probably afforded by 
certain laminated gneisses of limited extent, which appear to underlie the 
limestone, perhaps marking the base of the series. This relationship, is, 
however, inferred rather than proved. 

If these inferences are correct, the task of mapping involves the 
tracing of the limestones together with such minor portions of gneiss as 
belong with them ; and, so far as possible, the differentiation of the gneisses 
upon a chronological and petrological basis. As regards this latter part of the 
work, it is questionable whether, in many cases, any very sharp distinctions 
can be made out, or definite lines of demarkation laid down, as the nature of 
the rocks seems to be such as to preclude anything but rather broad 
generalizations. It may be, however, that under careful study the present 
difficulties will become less, and greater accuracy be attained than now 
seems probable. Much that is now obscure will, without doubt, become 
entirely clear when the whole area is studied with all possible care and detail. 
Such a general reconnaissance as has been made serves only to prepare the 
way for this more detailed study, indicating the problems involved, and 
sometimes pointing to their probable solutions. The region is certainly 
deserving of such careful examination as will lead to the preparation of an 
accurate geologic map. 
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The field work the general results of which are presented in this 
report, was done during the field seasons of 1893—94—95, about four weeks 
during each being devoted to the work. On the last two occasions, Mr. M., 
L. McBride, of Cleveland, at his own expense, accompanied the writer as 
assistant and rendered valuable service. During 1895, a week was spent with 
Messrs. Gilbert van Ingen and T.G. White, of Columbia College, in inspecting 
the best exposures of the Ordovician limestones in the county, and Mr. van 
Ingen’s palaeontologic ability was of great service in making clear some 
perplexing points in the stratigraphy. 

The entire county has been traversed and mapped, but only in a general 
way, the desideratum being the acquisition of a good general knowledge of 
the district before attempting the detailed work which will be necessary for 
the proper elucidation of the perplexing problems which have arisen. 
Furthermore, no good, or even fair maps exist of the greater part of the 
county, so that, until such are available, it is useless to attempt closer work. 
A beginning has, however, been made in the detailed mapping of the 
palaeozoic rocks along lake Champlain, which is necessary in order to fully 
bring out the structural features, and it is the present expectation to con- 
tinue this as opportunity offers. 

Since the report of Professor Emmons, over fifty years ago, practically 
nothing has been published on the geology of the county except the 


beautiful bits of mapping and sectioning done by President Brainard and 
503 


504 Rerort oF THE Srare GEOLOGIST. 


Professor Seely. In addition to what they have published, President Brainard 
writes me that they have mapped the lake shore southward from Plattsburgh. 


It is hoped that this map will soon be published.* 


ToroGRraPnHy. 


Clinton is the extreme northeast county of the state of New York, lake 
Champlain forming the eastern, and the Dominion of Canada the northern 
boundary. Its area is approximately 1,093 square miles. It lies entirely 
within the St. Lawrence drainage basin, sloping for the most part to the 
northeast. Close to the Franklin county line, and nearly parallel with it, 
ranging northward from Upper Chateaugay lake is a pronounced watershed, 
west of which the drainage is into the Chateaugay river and thence north- 
ward, while east of it the streams flow to the northeast and east. Of the 
larger streams emerging from the northern Adirondacks, the Saranac and 
Great Chazy rivers flow clear across the county, while the Ausable forms part 
of its southern boundary. 

Topographically the county is separable into three well marked 
divisions ; 

1. A hilly or somewhat mountainous southwestern portion, occupying 
something over one-third of the county, constituting a part of the north- 
eastern Adirondacks and characterized by their conformation; in other words 
composed of massive ridges trending northeast and southwest, with inter- 
vening steep-sided valleys of very variable width. Occasionally the ridges 
trend east and west. ‘They commonly have a rather gentle slope on the north 
side, which is deeply drift-covered and heavily timbered, the rocks seldom 
protruding above the surface ; while on the south the slopes are steeper and 
often precipitous, exhibiting frequent vertical cliffs of considerable height. 
The highest elevations in the county are Lyon mountain, 3,809 feet, and 
Catamount mountain, 3,168 feet. The valleys are for the most part heavily 
drift-filled, with rock exposures only along the larger streams. They some- 
times expand into quite wide parks and are not infrequently occupied by 
lakes, of which Chazy and Upper Chateaugay lakes in Dannemora, and Silver 
lake in Black Brook, are the most noteworthy. 

a isan high-level plain, beneath which the knobs of the older rocks are 
submerged, and which extends into embayments between their outlying 


ridges. It has a maximum elevation of about 1,500 feet along its boundary 


* Since the above was written the map and description have appeared. See Bulletin American Museum Natural History 
Vol. VILL, 1896, pp. 305-310. The results agree with those obtained by the writer. i 
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with the hilly tract, and slopes thence gently northward to the brink of the 
St. Lawrence valley. The surface rock throughout in this county is the 
Potsdam sandstone which les nearly horizontal, having but a slight 
northerly dip, so that its descent is not greatly in excess of the average surface 
fall. The covering of glacial material is widespread but mostly confined 
to the depressions, and the numerous, often large, marshy tracts testify to its 
irregularity. 

The streams draining northward across the plain have for the most part 
not channelled it very deeply since the close of the glacial period, on account 
of the horizontal attitude of the rocks and their resistant character. During 
the late Tertiary, the plain was much dissected by the drainage, but even 
then the valleys were relatively narrow, the present summits of the plain 
consisting of comparatively wide table lands of sandstone instead of narrow 
ridges and mounds. The new maps cover a portion of this plain in Mooers 
and Altona and indicate that these summits represent portions of an earlier 
base level, now tilted to the north. 

3. A low strip along the lake, ranging from the lake level to an altitude 
of 300 feet on its western border, and increasing in breadth going north, 
From the 300 foot to the 500 foot level, the rise is quite abrupt, especially in 
Chazy township, and the topography strongly suggests a fault, raising the 
Potsdam on the west some hundreds of feet above that on the east, and 
marking the boundary between the low strip and the high plain. Further to 
the south, the heavy Pleistocene deposits largely obliterate this .contrast. 
This low strip is greatly dissected by faults, and to their presence its 
minor topographic features are largely due. The fault lines are ocecu- 
pied by marshes or small streams, while between them ledges of rock 
project at all angles in a seemingly haphazard and at first, quite bewildering 
fashion. 

Throughout this low strip the main streams quite generally. follow their 
pre-glacial channels. The Saranac and Great Chazy rivers have channelled 
out considerable valleys in the drift and are now widening them. The Great 
Chazy river is in its pre-glacial channel throughout the low strip, exposing 
nothing but drift in its banks. At Mooers village it leaves the old channel 
for a short distance, and thence up-stream this frequently happens, but this 
channel belongs topographically to the high plain. The Saranac is out of its 
old course at the pulp mill, two miles above Plattsburgh, thence keeps to its 
old valley till Cadyville is reached. Here a considerable gorge has been cut 
in the Potsdam, but this is beyond the confines of the low strip. 
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The smaller streams, the Little Chazy, Salmon and Little Ausable rivers 
are wholly or mainly in post-glacial channels, and give little clue to the minor 
pre-glacial drainage. Such part of the county as is most suitable for agricul- 


tural purposes is mainly confined to this strip, and on it are many fine farms. 


GENERAL GroLoatc RELATIONS. 


Professor J. F. Kemp has recently published a resumé of the schemes of 
classification which have been proposed for the rocks of the Adirondack 
region, to which he has added a tentative one of his own.* 

This, which comprises : 

(1.) A basal gneissic series. 

(II.) A series of schists and gneisses with crystalline limestone. 

(III.) Igneous rocks of the gabbro type. | 

(1V.) Paleozoic sediments, lymg unconformably on the first three. 

(V.) Igneous rocks found as dikes cutting all the foregoing, and 

(VI.) Pleistocene deposits ; 
will be followed in this report, emphasis being laid on the fact that it is 
tentative, and probably simpler than the one finally adopted is likely to be. 
The writer has elsewhere given reasons for holding that this scheme must 
be expanded by the insertion of another period of dike formation between 
(IIT.) and (IV.).+ 

As exposed in Clinton county these subdivisions may be epitomized as 
follows: ; 

Series I. The oldest rocks visible so far as known belong to a great 
series of gneisses and are well shown in all the western tier of townships 
except Clinton, and in Peru and Ausable. In their typical development they 
are easily recognized. They present well-marked varieties, as below, all of 
which seem to grade into one another. 

1. Gneisses, commonly of red color, but also grey, brown, and other 
shades, composed mainly of microperthitic orthoclase and quartz. Occasion- 
ally these are the only constituents, when the gneissoid structure retreats 
and a red granite rock results which seems to be merely a phase of the oneiss. 
There has not yet been found in the county a granite which can be shown to 
be intrusive in the gneiss, like that described by Smyth in St. Lawrence and 


Jefferson counties.{ More commonly one or more of the minerals magnetite, 


*J. F, Kemp, Report New York State Geologist for 1893, Vol. I., pp 444-447. 
+H. P, Cushing, Transactions New York Academy of Sciences, Vol. XV., pp. 248-252. 
1. H. Smyth, Jr., Transactions New York Academy of Sciences, Vol XII., pp. 208 to 212. 
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plagioclase feldspar, microcline, biotite, hornblende and titanite are present in 
varying amounts, and small apatites and zircons are almost universal. Locally 
a green augite also appears, but this is not a common occurrence in this 
county. With the appearance of the more basic minerals the foliation of the 
rock becomes apparent and increases in prominence as they increase in abund- 
ance. Sometimes the quartz retreats and locally may be entirely lacking. An 
increase in plagioclase frequently accompanies this change, so that the rock 
grades from a quartz-orthoclase into a plagioclase gneiss, often without 
making any noticeable difference in the external appearance of the rock. 

2. Widely exposed in Black Brook township are gneisses of quite 
different appearance, and, judging from published descriptions of the Adiron- 
dack gneisses, of an unusual type. For the most part they are very finely 
granular, but alternate with numerous, often broad, coarse, pegmatite-like 
bands. The fine-grained rock is of a prevailing lavender-grey or lilac-grey 
tint, showing, when freshly broken, small, brilliant cleavage faces of feldspar. 
It is quite free from basic minerals, hence foliation is not especially apparent. 
The coarse rock is not unlike similar coarse bands in the ordinary gneisses, 
but is more abundant here, alternating regularly with the other. There are also 
present occasional thin bands of a basic gneiss weathering with a rusty hue. 

In thin sections, both the coarse and fine varieties are seen to be made up 
mainly, and often wholly, of microcline and quartz, the microcline having 
almost universally a markedly microperthitic habit. Apatite is seldom absent, 
and often abundant. Plagioclase and microperthitic orthoclase are frequently 
present, sometimes in considerable quantity, and some slides show small 
amounts of magnetite, biotite and hornblende, these being more plentiful in 
the coarse bands. 

Closely associated with these gneisses are others which, outwardly, more 
nearly resemble the ordinary gneiss, and which have plagioclase for their 
most prominent constituent, together with microcline, orthoclase, quartz, 
magnetite and ferro-magnesian silicates in varying amounts. By their distri- 
bution the impression is created that through them the microcline gneisses 
grade into the ordinary orthoclase gneisses. 

These microcline gneisses are in rather close juxtaposition to an area 
occupied by the limestone series, and perhaps should be classed with that. 
The thin bands of rusty basic gneiss interfoliated with them resemble gneisses 
of that series rather more closely than they do the basic bands in the ordinary 
gneisses. Aside from that indication the field evidence does not lean strongly 


in either direction. 
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3. Interbanded with the other gneisses, dark, basic gneisses occur, ranging 
from an inch to many yards in thickness, and always parallel to the 
foliation of the enclosing gneiss. They vary much in grain, but in general 
are rather coarse, and are distinctly schistose in habit. When studied in 
thin sections they at once separate themselves into two sharply contrasted 
varieties, the one having the mineralogy of diorite, the other of gabbro. These 
gabbroic bands are so precisely like the more basic portions of the gabbro 
masses shortly to be described, that they should unquestionably be classed 
with them and wiil be noted in their proper place. The other, and more 
common variety is composed of plagioclase and hornblende with smaller, but 
quite constant amounts of orthoclase, biotite and magnetite. Microcline is 
sometimes present. Quartz may appear in small quantity, and in some 
instances is found as inclusions in the plagioclase, and there only. Some of 
these gneisses also carry much green augite along with the hornblende, 
producing an intermediate rock between the dioritic gneisses and the gabbros. 
In one specimen there is, instead of augite, a considerable content of an 
orthorhombic pyroxene which is regarded as bronzite, the pleochroism and 
double refraction being much weaker than in the ordinary hypersthenes of 
the region. Measured extinction angles indicate an andesine ranging toward 
labradorite as the common feldspar. 

As has been stated, the mineralogy of the rock is that of a diorite, or, in 
some cases, of a gabbro-diorite, and its eruptive origin is regarded as highly 
probable. 

The gneissic series contains the workable deposits of magnetic iron ore. 

Series IT. The rocks of this series consist of coarsely crystalline lime- 
stones associated with certain peculiar gneisses and schists quite unlike any 
members of Series L, and with other gneisses which closely resemble those of 
that series. But one belt occupied by these rocks exists in Clinton county, so 
far as known, and in that the exposures are few and meagre so that little 
knowledge of the group can be obtained here, and the reader is referred to 
Professor Kemp's descriptions of the numerous better exposures in Essex 
county.* The Clinton county exposures are in Black Brook township and 
will be described under the geology of that area. 

Series III, This series is constituted of rocks of the gabbro family, 
which are unquestionably of igneous origin and were intruded into the 


members of the first two series. The main development of the rocks of this 


*J.¥, Kemp. Bulletin Geological Society of America, Vol. VI., pp. 241-262; and Annual Report New York State Geologist 
for 1898, Vol. L., p. 444. 
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group in the Adirondacks, is in Essex county, where they have a greater areal 
extent than all the other rocks combined, but they pass beyond the borders 
of that county on all sides. Three outlying areas of this group occur in 
Clinton county, none of which has been heretofore recognized as belonging 
to it. The first of these is in Ausable township, extending north and west of 
Keeseville, and is the direct prolongation northeastward of a great gabbro 
ridge which comes up to Keeseville from the southwest. The second forms 
Rand’s hiil in Beekmantown and Altona townships, is twenty miles north of 
the last, and interesting as carrying the known Adirondack exposures by that 
distance nearer to the Canadian; further connecting links, if any, being 
concealed by the covering of the later rocks beneath which they pass. The 
third area forms the Catamount mountain ridge in southwestern Black Brook, 
and Professor Kemp’s work during the past season indicates that the Whiteface 
massive, just over the border to the southwest, is a prolongation of the same. 
The Catamount mountain exposures are difficult of access, and have not been 
so thoroughly studied on that account; but the rock, while a little abnormal, 
is unmistakable gabbro. 

In their ‘typical development the Adirondack gabbros, like those of 
eastern Canada, consist almost wholly of plagioclase feldspar, mostly labra- 
dorite, but ranging to anorthite, and to this very feldspathic phase Dr. F. D. 
Adams has applied the name anorthosite. As the peripheries of the masses are 
approached, ferro-magnesian silicates appear in increasing quantity, and ulti- 
mately the gabbros may become very basic, titaniferous magnetite, augite and 
sometimes hypersthene being present in large quantity, together with garnet, 
hornblende and biotite, these latter being largely, if not wholly, secondary. 
With the appearance of these minerals comes almost always a gneissoid 
structure in the rock.* 

Though the Clinton county gabbro areas are of comparatively slight 
extent, quite typical anorthosite may be collected from each, occurring in close 
association with basic gabbro. Sometimes the ordinary gabbro contains 
marrow bands of a quite basic character, of such persistence and with such 
sharply defined walls that they closely imitate dikes in appearance. It is 
more especially such bands as these, or larger masses of the same character, 
that are quite identical with the bands already mentioned as occurring as basic 
gneisses In the gneiss series, and which are to be regarded as dikes or apophysae 
of the main gabbro intrusion which penetrated the gneiss from the parent 


* For full descriptions of some phases of the gabbros, see F. D. Adams, Neues Jahrbuch fiir Min., Vol. VIIL, pp. 419-497 ; 
J. F. Kemp, Bulletin Geological Society of America, Vol. V., pp. 213-224. 
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body. When not too finely granulated these basic gabbros show a tendency 
to the assumption of ophitic structure. Such consist of coarse plagioclase 
and nearly colorless pyroxene, both extraordinarily full of minute inclusions, 
embedded in a granular matrix, in large part constituted of secondary min- 
erals, garnet, biotite, hornblende and hypersthene with. or without quartz. 
The feldspar and pyroxene were apparently crystallizing at the same time, 
for, while the feldspar is frequently idiomorphic against the pyroxene, it also 
frequently includes the latter, while the reverse has not been observed to 
occur. These varieties commonly show beautiful reaction rims around the 
magnetites, similar in all respects to those described by Professor Kemp in 
the Port Henry gabbro. 

Series IV. Unconformably overlying the older crystalline rocks is a 
group of great thickness of nearly unchanged sedimentary rocks of Cambrian 
and Ordovician age, which hides the older rocks from view over two-thirds of 
the county. Unfortunately exposures are not always all that could be 
desired, and in regard to a small part of the group the stratigraphy is not 
clear. The whole is seriously in need of thorough palzeontologic study, which 
could not fail to furnish results of great interest and value. The group com- 
mences at the bottom with the Potsdam sandstone, and terminates with the 
Utica slate. No criteria have been found, by means of which an older 
quartzite series can be discriminated from the Potsdam, as urged by N. H. 
Winchell for northern New York.* The quartzites and quartz schists of the 
Grenville series of Canada seem wholly or largely lacking in the eastern 
Adirondacks, though they may occur on the west. Furthermore, they are an 
integral part of the series. In the absence of fossil evidence, no division of 
the Potsdam seems possible in Clinton county, though it is far from certain 
that the whole is of Upper Cambrian age. 

It is by no means impossible that rocks representing the Lorraine stage 
of the Hudson river group have been deposited on the west side of 
lake Champlain, but nothing younger than the Utica slate has yet been 
discriminated. 

Potsdam sandstone. The Potsdam is widely exposed in the county, 
forming the rock surface in two townships and a large part of it in three 
others. Out of the fourteen towns making up the county, there is but a 
single one (Black Brook), in which this formation is wholly wanting. It is 
also found at very varying altitudes. At Coopersville and in the Ausable 
chasm it is close to the level of the lake, and at the former place the horizon 


* American Geologist, October, 1895, p. 207, and Twenty-first Annual Report of Geological Survey of Minn., pp. 99 112. 
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is unquestionably near the summit of the formation. In Dannemora it is 
found at an elevation in the neighborhood of 1,500 feet, and in Ellenburgh, 
Beekmantown and Altona it runs nearly as high. Here, moreover, it is the 
base which is exposed. 

The color is very varied, from white through various greys, yellows, 
browns and reds to even blackish appearing layers. Occasionally greenish 
layers, appearing somewhat glauconitic, occur. In general the reds prevail in 
the lower beds and are scarce above. The blackish varieties appear to be 
characteristic of the summit. 

The main mass of the formation is made up of quite pure quartz sand. 
In the basal layers there is a large feldspathic content, mostly orthoclase, but 
with a little plagioclase and microcline. Occasional grains of pyroxene and 
hornblende and scales of biotite appear. In some layers zircon is prominent. 
Garnet has not yet been noted. The basal conglomerates are often very rich 
in magnetite. Toward the summit, dolomitic layers appear, regularly alter- 
nating with those of pure sand, and forming passage beds to the Calciferous 
above. Sometimes these are of pure dolomite, but prevailingly they are 
sandy, and the rather large rounded grains of quartz embedded in a fine 
mosaic of minute dolomite erystals furnish a striking combination in thin 
section. These dolomitic beds are not, however, confined to the higher layers, 
but occur sparingly elsewhere, even among red beds well toward the base, 
strata of such an appearance that it would scarcely occur to one to test them 
with acid; in fact, the presence of these layers was first made known by 
thin sections. 

When the base of the formation is neared, massive conglomerates become 
prominent, sometimes attaining great coarseness. ‘They are commonly inter- 
stratified with finer red, feldspathic, easily weathering beds, which are much 
permeated with hematite. It is a curious fact that the materials of which 
these basal conglomerates are made up are, so far as observed, always of 
eneissic origin, even when the contacts are with gabbro and a considerable 
distance from known gneissic outcrops.* 

Along the lake these basal beds are seldom exposed, the contacts shown 
being largely brought about by faults, but on the north they have great 
prominence, especially in Ellenburgh (as noted by Emmons+), where they 
have considerable thickness, but by no means make up the whole mass, as 
stated by him. 


* See description of a conglomerate near Keeseville on a following page. 
+ E. Emmons,—Geology of New York, Second District, p. 309, 
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A noteworthy characteristic of this formation in the county, is the occur: 
rence of quite pebbly layers at numerous horizons from the bottom to the 
top. The pebbles are almost invariably of quartz. At the base a few of 
orthoclase are mingled with them. 

The various layers of the rock show great variation in their resistance to 
weathering. While the major part of the mass is well indurated and very 
durable, there are many layers in which the induration is much less, and 
which disintegrate quite rapidly to a coarse white sand. The most unstable 
portions are the red beds already mentioned as intermingled with the lower 
conglomerates. These have a large content of orthoclase derived from the 
gneisses, are permeated with hematite whose origin is uncertain, and break 
down rapidly to a red, hematitic, sandy clay, which is a very conspicuous 
feature along some of the roads. ' 

The absolute thickness of the Potsdam hereabouts has not been 
determined with certainty. As it was deposited on an uneven, probably very 
uneyen, floor, and as this floor was subsiding at the same time, its original - 
thickness must have varied much from place to place. The thickest section 
susceptible of accurate measurement in the county, is that on the Ausable 
river where, according to Mr. C. D. Walcott, there is a thickness of 350 feet, 
with the base and summit not seen.* The impression conveyed by the wide- 
spread exposures in the northern part of the county is that the total thickness 
can scarcely fall short of 2,000 feet, and is quite likely much more. The 
possible presence of faults increasing the apparent thickness, renders it 
impossible to speak more definitely. If such are not present, the Potsdam is 
unquestionably more than 2,000 feet thick. 

While it has been impossible to make an exhaustive search for fossils, a 
sharp lookout has been kept for them, and considerable time spent in. the 
quest; yet none have been found except along the Ausable, where their 
presence has long been known. The Upper Cambrian age of the higher 
portion of the Potsdam has been shown, but there is as yet a complete lack of 
paleeontologic evidence as to the age of the lower part. 

The Calciterous sandrock. Rocks belonging to this division are spread 
over a considerable area in the tier of townships along the lake, but are 
unfortunately so concealed by Pleistocene deposits that the Potsdam-Calcifer- 
ous boundary is almost completely obscured, and the Calciferous exposures 
we often disappointing, though excellent sections are exhibited in Beekman- 
town and Peru, Professors Brainard and Seely have carefully studied the 


*C, D. Walcott, Bulletin 81, United States Geological Survey, p. 343. 


Cusuinc—GeroLtocy or Criinron County. 513 


Calciferous of the Champlain valley,* and their section at Shoreham, Vt., gives 
to the formation, which they separate into five subdivisions, a thickness of 
1,800 feet. How large a part of this thickness the Calciferous possesses 1n 
Clinton county, can not be determined, but commonly the different exposures 
are correlated without difficulty with the various members of Brainard and 
Seely’s section. The basal layers of ‘the formation are shown in Champlain 
township, conformably overlying the Potsdam. In Peru and Beekmantown 
are good exposures of the higher and more fossiliferous members. The lower 
half or two-thirds is made up largely of grey, often sandy dolomites, quite 
barren of fossils. In the upper third, beds of limestone are mingled with the 
dolomite, and some sandy beds, weathering with thick yellow sandy crusts, 
also occur, 

Chazy limestone. At Chazy village is the type section of this group 
which follows the Calciferous in ascending order. Brainard and Seely have, 
however, shown that the lower one hundred feet is lacking here and that the 
Valcour Island section is more complete.+ Besides the excellent exposures in 
Chazy township the rocks of this group are also well shown in part just north 
of Plattsburgh, and on Bluff Point, two miles south of Plattsburgh, extending 
thence to the south into Peru, where the lower part of the formation is better 
shown than at any other point in the county on the mainland. 

Brainard and Seely have recognized three subdivisions of the Chazy 
rocks, and their detailed section at Chazy village is reproduced on a later 
page. The lower subdivision is largely constituted of quite crystalline lime- 
stones of grey color, often full of crinoidal fragments and with Orthis costalis 
the most abundant fossil; the middle division is of blue-black fine-grained 
limestone and contains Maclurea magna at nearly all horizons; the upper 
division is quite variable in character, but is largely composed of somewhat 
impure blue limestones, carrying Lhynchonella plena abundantly. 

The aggregate thickness of the Chazy limestone at Chazy village is 740) 
feet, with the base not shown. On Valcour Island, Brainard and Seely give: 
it a thickness of 890 feet, and there it seems to reach its maximum. 

For the most part these rocks are easy of recognition, and even small 
exposures may be assigned to their proper position without great trouble.. 
There isa considerable quarry enterprise engaged in working the rocks of this 
group, some beds furnishing an ornamental marble, some a rough building 


stone, and some being burned for lime. 


* Bulletin American Museum of Natural History, Vol. Ifl., No. 1, p, 3. 
t Bulletin Geological Society of America, Vol. IL, pp. 293 to 300. 
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Black River limestone. The massive dark-colored beds of this rock are 
well exposed at numerous points in Chazy, directly overlying the Chazy lime- 
stone ; but outside of this township it is not well exposed. It has a thickness 
of thirty to fifty feet and is a brittle, black limestone with conchoidal fracture. 
Columnaria alveolata is its most characteristic fossil, but is here confined to a 
single stratum a few feet thick, at about fifteen feet above the base. Above 
this is a zone with abundant large Maclureas and large masses of Stromato- 
cerium, both of which are closely like the corresponding forms in the middle 
division of the Chazy, so that, unless care is taken, the two may be con- 
founded, as was done by the writer in one or two instances. On smoothed, 
mere surface exposures the resemblance is very striking. 

Trenton limestone. In Chazy and Plattsburgh townships are excellent 
exposures of portions of the Trenton. In the bed of the river just east of 
Chazy village, 150 feet are exposed lying on the Black river limestone. On 
Crab island, about 200 feet in thickness is exposed, the larger part of which is 
above the horizon of the beds at Chazy, while the lower fifty feet corresponds 
to the upper part of that section. The two together give a thickness of 
about 300 feet, but the summit is not shown. The faunas are being studied 
by Mr. T. G. White. In general the lower half is characterized by a brach- 
iopod fauna, some bands being crowded with shells of Leptena sericea and 
Orthis. 

The upper one hundred feet of the Crab island section holds a lamelli- 
branch fauna, with cephalopods and trilobites, while between the two is a 
zone with a sparse trilobitic fauna. 

This lower portion of the Trenton is mainly made up of black, ringing, 
somewhat slaty limestone, the different layers presenting much variation in 
the latter respect. 

In northeastern Plattsburgh, and extending into southeastern Beekman- 
town, occurs a series of black, quite slaty, calcareous rocks, which are excel- 
lently exposed on Cumberland Head. As there exposed they have had 
developed in them a slaty cleavage at a high angle with the bedding, which 
has already been described.* In Beekmantown this is not so pronounced, but 
is present. No base nor summit to these slates is exposed, and the strati- 
graphic evidence concerning their position is not decisive, but points strongly 
to their being of Trenton age, or, rather to their not being older than the 
Trenton. As the Chazy and Crab island sections furnish us with the basal 
300 feet, and as there is an unknown vertical interval between the two, these 


*H. P. Cushing. Report of New York State Geologist for 1£93, vol 1, p. 483. 
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slates must be well up in the Trenton. | It will be impossible without pro- 
longed study to arrive at a just estimate of their thickness here. The apparent 
thickness on Cumberland Head is very great; but there are also evidences 
there of much disturbance, and it is strongly probable that there is repetition. 
In addition to the evidence afforded by the slaty cleavage, one or two faults 
are plainly visible in the slates, and the topography strongly suggests others. 
Yet, taking all these things into consideration, 200 feet would be a very 
modest estimate of the thickness here displayed, and double, or even treble 
that amount would most likely be much nearer the true figure. The entire 
Trenton in this vicinity, therefore, must be very thick. The writer had the 
pleasure of conducting Mr. van Ingen to Cumberland Head, and to the ex- 
posures of these same slaty rocks in Beekmantown, and since the above was 
written a letter has been received from him giving the results of his study of 
their fauna. He pronounces the horizon to be high up in the Trenton, and 


5 


with features in common with the “ Quebec group” of Canada, so that it may 
turn out to be more nearly allied to the Utica slate than to the Trenton 
limestone; that is, the Utica as represented in Canada. 

Utica slate. On Stony Point, in Champlain township, is an exposure of 
black, ringing, much-jointed calcareous slates, the joints largely filled with 
crystalline calcite, which carry the ordinary fauna of. the New York Utica 
slate, Zriarthrus Becki, Climacograptus bicornis and other graptolites, and 
Endoceras. With the exception of this single exposure, shut in on the east 
and north by the lake, and on the west and south by a marsh along a line of 
fault, no rocks known to be later than the Trenton limestone occur in the 
county. The Utica slate is also exposed on the east side of Isle la Motte. 

Series V. The various types of dike rocks occurring in the lake 
Champlain district have been described at length by Kemp and Marsters,* 
and would need little mention here were it not for the fact that their 
study in Clinton county has emphasized certain facts regarding their dis- 
tribution, which are not. so apparent in Essex county and along the lake. 

The dikes are readily separable into two classes; black, basic dikes of 
the varieties known as diabases, camptonites, monchiquites and fourchites, and 
lighter-colored acidic dikes, closely approximating the same type, and known 
as bostonites, the term being applied to the dike-form of feldspar porphyries 
or trachytes. 

The acidic dikes known in Clinton county (twelve have so far been 


found) differ considerably from the typical bostonites as found and described 


* Bulletin 107, United States Geological Survey. 
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by Kemp from along the lake.* Those have a prevailing light tint, creamy or 
brownish white or-chocolate, and nearly or entirely lack magnetite and ferro- 
magnesian silicates. The Clinton county dikes, on the contrary, are either 
red or mottled dark red and black, or purplish grey in color (one is nearly 
black), and with one exception contain considerable amounts of one or 
more of the minerals, magnetite, biotite, hornblende and monoclinic pyroxene 
in the ground-mass, and dike No. 9 even has porphyritic biotite. Some of 
them have a pseudo-schistose appearance. Most of them have porphyritic 
orthoclase, and this mineral makes up the main portion of the rock. The 
ground-mass has a trachytic structure, most marked around the phenocrysts. 
In these last two respects they agree with the typical bostonites, and they are 
not necessarily more basic because of the greater prominence of bisilicates, so 
that they are regarded as bostonites varying somewhat from the type, and 
seem to represent an intermediate stage between these type bostonites and the 
“ granite” dikes described by Marsters from lake Memphremagog.+ 

Professor Kemp, some time ago, called attention to the fact that the basic 
dikes are more numerous in the Pre-Cambrian rocks than in the Palaeozoic 
series, { and further, in discussing the relations of diabase and camptonite, to 
the confining of the diabases to the former, and of the typical camptonites to 
the latter rocks. Many of the diabases of the region, however, grade strongly 
toward camptonites and augite-camptonites, and in two instances of this sort 
in Clinton county, the dikes are very narrow and seem almost certainly to be 
off-shoots from large dikes of typical diabase near by, recalling the camptonite 
apophysae from a laccolite of diabase described by Brégger. 

The diabase dikes are found abundantly throughout Clinton county 
wherever the Pre-Cambrian rocks are exposed. The camptonites, monchi- 
quites and fourchites seem to decrease in number north of Port Kent, and 
north of Plattsburgh are wholly lacking, in so far as negative evidence can be 
depended upon. This peculiarity of distribution, coupled with the fact that 
all along the northern line of contact between the Potsdam and the older 
rocks in the county the diabase dikes are found numerously on one side of 
the line and not at all on the other, has led the writer to elsewhere express 
the opinion that there were two periods of dike formation in this vicinity,$ 
one preceding and one following the deposition of the Paleozoic rocks of 


Series IV. The diabase dikes belong to the earlier, and the bostonites, 


“These differences have been noted by A. S. Eakle, who described the first bostonite known in the county. American 
Geologist, July, 1898, pp 32 and 83. 

+V. F. Marsters, American Geologist, Vol. XVI., pp. 25-29. 

} Bulletin 107, United States Geological Survey, p. 27. 

§ H. P. Cushing, Transactions New York Academy of Sciences, Vol. XV., PP. 248-252. 
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monchiquites, fourchites and camptonites to the later period; though on 
account of the facility with which the diabases and camptonites shade into 
one another, it may not always be possible to determine to which of the two 
a given dike in the Pre-Cambrian rocks should be referred. 

The diabase dikes are very common and widespread. Scarcely an out- 
crop of any extent of the Pre-Cambrian rocks can be found without disclosing 
the presence of one or more of them. But, as was to be expected, their 
distribution is irregular, as they are only occasional in certain areas, whereas 
others are fairly seamed with them. Sometimes a veritable plexus of dikes is 
exhibited, anastomosing in all directions, enclosing great horses of the country 
rock, and so variable from place to place that no satisfactory generalized 
measurements can be made. The most notable example in the county is in 
southeastern Altona township, where the Old Military road crosses the north- 
east spur of Rand’s hill. Cutting the gabbro here is a grand exhibition of 
dikes, which will be more fully described under the discussion of that town- 
ship.* Another striking exhibition of dikes is found along the west shore of 
Upper Chateaugay lake, and yet another on Dannemora mountain. 

Appended is a tabulated list of the dikes found in the county by the 
writer. Kemp has noted the occurrence of others in the Lyon mountain iron 
mines, and two from Palmer hill, and three others have been described 
by Eakle. 


*See E. Emmons. Natural History of New York, Geology, Part I., p. 28. 
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Series VI. There has not been sufficient time at my command to 
bestow on the Pleistocene deposits the attention they deserve. They are 
widespread throughout the county, often in sufficient force to completely 
obscure the underlying geology over considerable areas. They were, in part, 
formed by glaciers and the streams to which they gave rise; in part, in the 
body of standing water which occupied the Champlain valley just after the 
retreat of the ice, and which had, at first, a level much above that of the 
present lake, when it was probably fresh water, while later it was an arm of 
the sea. 

Glacial deposits. Away from the lake, the county is covered with a 
heavy deposit of till. Over the high plain it is widely extended and largely 
masks the irregularity of its pre-glacial surface. In the hilly tract it is mainly 
confined to the valleys, though often prominent on the gentle northern slopes 
of the ridges. Sections show it to be mostly very stony and very sandy, as 
might be expected from the wide expanse of Potsdam country over which the 
ice moved. 

Moraines have been noted at various points, but any attempt at mapping 
them would be premature. Much of the surface of the high plain is insuf- 
ficiently drained, abounding in swamps, some of very large extent. Rough, 
jagged boulders, mainly of Potsdam sandstone, are widespread over the 
surface, often forming veritable trains, and being exceedingly numerous. 
Some of these Potsdam boulder trains extend well into the gneiss country. 

Glacial striae have been observed at many points. They are commonly 
well preserved on the palaeozoic rocks, but none have been noted on the older 
rocks, although these are often well polished and smoothed. Along the lake 
their direction is approximately that of its trend, those observed varying from 
8. 15° E. to S. 15° W. and those on the high plain have the same general 
direction. As the hills are neared and entered, however, the general direction 
is to the southwest, corresponding to the general trend of the ridges and 
valleys. 

A magnificent, long, esker-like ridge, which well merits description,* 
occurs in the county. It is found in the low strip, only two or three miles 
back from the lake, and forms a topographic feature of sufficient prominence 
to be clearly brought out by the twenty-foot contours of the new maps. First 
recognizable in Beekmantown township about, two miles south of Ingraham 
post office, it runs north in a cutyeto. that point, then bears to the west 
of north through Chazy.! Incthe central part of that. township its course is 


' : } 
*Mr. S. P. Baldwin has notéd' the preédab of ‘this’ ridge. American Geologist, March, 1894; p. 177. 
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interrupted by a wide marsh, and by protruding ledges of rock, but after an 
interval of a mile it again appears and runs north to the Chazy-Champlain 
line, finally disappearing one-half mile beyond that line. It rises, in general, 
about thirty feet above the ordinary level and the base has a width of a 
quarter of a mile. Its surface is 120 feet above the level of lake Champlain. 
It does not exhibit its entire mass, as its base is buried in Champlain clay. 
Assuming that the disconnected portions are parts of a single ridge, as seems 
highly probable, its entire length is ten miles. No good sections are exposed. 
A three-foot cut in it, two and one-third miles southwest of Chazy village, 
frequently shows somewhat rounded boulders mostly of Potsdam sandstone, a 
few of which reached one foot in diameter, embedded in a matrix of coarse, 
brown sand, No signs of stratification were visible, but the opening was not 
a very recent one, 

Champlain deposits. The term “ Champlain,” as here used, merely serves 
to discriminate the deposits formed under water in the Champlain basin, from 
those formed upon the land. During and after the retreat of the ice, the 
glacial deposits on the low strip were covered by deposits laid down in the 
marginal portions of the body of water that occupied the basin at that time, 
the present lake being its shrunken remnant. The mountain streams brought 
down vast quantities of sand, building up large deltas at their mouths, and of 
mud, which was deposited farther out and also along shore between the 
deltas. As the water level fell from time to time, the sand deposits were 
pushed farther out and formed at lower levels, covering up the clays of 
the preceding stages. During much of this time the Champlain basin was 
occupied by an arm of the sea, and the marine clays and sands are fossiliferous. 
The fossils can be collected in abundance at several points in the county. The 
sand delta deposits formed by the Saranac, Ausable, Little Ausable and 
Salmon rivers are very widespread in the eastern part of the county. At the 
higher levels they are confined to their respective valleys, but lower down 
they become confluent. Much of the eastern portions of Ausable, Peru, 
Schuyler Falls and Plattsburgh townships is covered by a wide, dreary 
expanse of sand, often bare, sometimes with a sparse covering of coarse grass 
with huckleberries and stunted pines, and which is dreary and monotonous in 
the extreme. Dunes are quite frequent, especially where the sand has been 
trenched by the present streams. 

Some of the evidence collected indicates that at first the water level 
was at a greater altitude than has heretofore been recognized, Both in 


the Saranac and Ausable valleys, the sands have been found to run up to 
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the height of 1,000 feet, and some of them are in such situations that they 
can not possibly be regarded as river gravels and sands. This matter needs 


further investigation, 


MerramMorpHism oF THE PRE-CAMBRIAN Rooks. 


After the intrusion of the gabbro, and prior to the commencement of 
Potsdam deposition, the region was subjected to intense dynamic meta- 
morphism. The precise results produced would vary with the physical and 
chemical properties of the rocks concerned, but, broadly speaking, they con- 
sisted in the fohation of the rocks and the granulation of their contents, with or 
without subsequent recrystallization. The gneisses were granulated and sub- 
jected to a stretching process, by means of which the foliation and some, 
at least, of the banding was produced; rocks like the gabbro dikes being 
drawn out like the rest, and made to appear like an integral part of the series. 
While some of the gneiss is characterized by a cataclastic structure, other 
portions of it seem to have been completely recrystallized, and the different 
minerals seem for the most part to have formed at the same time, few, if 
any of them, showing idiomorphie boundaries against the rest. That this 
recrystallization was not the final result of the metamorphism, is shown by 
the frequent pronounced undulatory extinction shown by the component 
minerals of such rocks. 

The anorthosites and gabbros were granulated: and stretched in the same 
manner as the gneisses, though apparently being more resistant to the latter 
process. In the less feldspathic anorthosites, foliation was thus produced, 
giving them their gneissoid aspect, and in them more or less recrystallization 
took place with the formation of minerals foreign to the parent rock, by the 
reactions of the various constituents on one another, much garnet, hornblende 
and biotite thereby resulting. The stages of the process of granulation can 
be studied to as great advantage in the Clinton county anorthosites as in 
the Canadian examples so exhaustively described by Dr. F. D. Adams, 

The basic gabbros seem to have been characterized originally by an 
ophitic structure, but as a rule they are more thoroughly and finely granulated 
than the anorthosites. They are often of such fine grain, and their boundaries 
against the enclosing rocks are so sharp that the resemblance to dikes is very 
striking. Reaction rims are a prominent feature in these rocks. They almost 
always contain hypersthene, which is not common in the anorthosites and less 


basic gabbros. In many cases the rock seems to have undergone complete 
b4 
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recrystallization, and when this is the case a considerable amount of 
untwinned feldspar is present. 

These basic gabbros vary in grain down to very finely granular varieties, 
which are identical in character with the “shear-zone” rock from Avalanche 
lake, described by Kemp.* A regular series can be made out from rocks 
with ophitic structure down to these finely granular varieties. It seems to 
the writer that these shear-zone rocks must have been originally of the basic, 
ophitic type, and then they are often found in this much granulated condition 
because less resistant than the massive anorthosites to the forces acting 
on the rock. Where such bands are present they would represent lines of 
weakness. But their different mineralogic composition is not regarded as 
resulting from such action, but as largely a primary difference. 

These gabbros may be regarded as basic segregations from the anortho- 
site magma, or they may represent a period of igneous activity subsequent to 
the anorthosites. They certainly have a much wider distribution. So far as 
the writer is aware, data are lacking at present by means of which either of 
these propositions may be demonstrated at the expense of the other. Later 
observations by both Professor Kemp and the writer, clearly show that these 
ophitic gabbros are younger than the anorthosites. 

If the writer is correct in his belief that the diabases are of Pre-Cambrian 
age, they must have followed the metamorphism of the rocks, as they are not 
affected by it. 


Post-Orpovictan DistuRBANCE. 


After the deposition of the Palaeozoic rocks, came the period of the 
Green mountain uplift in Vermont, and its effects were felt on the western 
side of lake Champlain. Though but a comparatively few miles west of the 
district in western Vermont characterized by sharp folds and thrust faults, 
the effects shown here are apparently limited to normal faulting, accompanied 
by a very trivial amount of folding. The dip of the Palaeozoic rocks is but 
slight, seldom reaching ten degrees, and more commonly not over five degrees, 
and is prevailingly to the north. Higher dips do occur, but are invariably 
local and in almost every observed instance can be demonstrated to be due to 
proximity to a fault. Very low folds are often to be. made out, but can 
hardly be considered as constituting a prominent structural feature. Further: 


more, there seems to be no system in their presence or arangement. They 


trend and pitch in various directions. Faults however abound, ranging from 


* American Journal of Science, Vol. XLIV., pp. 109-114. 


PLATE IV 


ANORTHOSITE ON HALLECK’'S HILL; SHOWING THE WELL GLACIATED SURFACE, 


PLATE V 


'YNKOOPHALLENBECK,CRAWFORD CO. 


NEARER VIEW OF THE SAME, 


al 
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insignificant breaks, to great dislocations which have a throw of 2,000 feet, 
and possibly more, and which can be traced for several miles. The possibility 
of the presence of thrust faults has been constantly borne in mind, but the 
evidence for their existence has not been forthcoming. In the majority of 
cases the hade of the fault is not to be made out, but it is at least high. Some 
can be demonstrated to be normal faults. By them the palaeozoic rocks are 
chopped up into a series of small blocks, and they are so prevalent that 
whenever the rocks are concealed much uncertainty necessarily prevails as to 
what is beneath. It may, however, be laid down as a general proposition 
that, in passing eastward from the Pre-Cambrian rocks toward the lake, 
progressively younger rocks are met with. The exceptions to this in the 
county are but few. The greater breaks have a northeast and southwest, or 
a north and south trend, while the smaller ones range at some angle to these, 
and so far as observed do not pass across them. 

The Pre-Cambrian rocks have necessarily suffered also from the distur- 
bances of this period, but in them the fractures are often difficult to locate, 
nor is it possible to definitely distinguish them from possible earlier faults. 
The topography often implies faults of great magnitude, but is wholly silent 
as to their date. Kemp has written of the frequent faulting of the ore-beds. 
Along contacts, too, decisive evidence of faulting is often forthcoming. The 
dikes are often faulted, the shift at the surface varying from a few inches only 
up to the complete disappearance of the dike on one side of the break. 
These faulted dikes give us the only evidence of faults which can, with 
certainty, be ascribed to the later period. 


Townsuie Gronoay. 


The more prominent features of the local geology in the various town- 
ships will now be considered. ‘The townships, in alphabetical order, are as 
follows: 


Altona, . . . . Page 562 Dannemora, eure Page 535 


PAUSAD LC teem’ Ai. 645... Ellenburgh,. -.... “ 533 
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Clinton. 

The geology of this township is of no special interest. The Potsdam 
sandstone is the surface rock throughout, and the exposures are few and 
meagre. The eastern half of the township is swampy and heavily wooded. 
The central and western parts are higher and « juite largely cleared of timber, 


but are deeply covered with till. 


Mooers. 


In this township, also, the Potsdam is everywhere the surface rock, but 
the exposures are better, more frequent, and somewhat more varied in char- 
acter than in Clinton. Both townships form part of the high plain which 
slopes north from the Adirondack foot-hills. The dips are chiefly to the 
northwest, but the presence of slight folds is indicated by the occasional oecur- 
rence of southeasterly dips. North of Mooers village occurs a series cf inter- 
esting passage beds to the Calciferous, with a breadth of outcrop at the 
Canada line of nearly three miles. They are cut off sharply on the west, 
their place being taken by ordinary Potsdam, thus indicating a fault as they 
dip to the northwest. They consist of rapidly alternating layers of white or 
buff, well indurated sandstone, and dark bluish grey dolomites, which are often 
sandy, the sandstones predominating. The dolomite layers, when forming the 
surface, have a peculiar habit of weathering, which may also be frequently 
observed in the dolomites of the Calciferous. Solution takes place rapidly 
along two sets of planes, approximately at right angles, until the entire thick- 
ness of the bed is eaten through (these dolomitic layers here have no great 
thickness, seldom more than a foot), so that it is converted into a regular 
series of disconnected blocks, of rounded outline, which project above the 
meagre soil and present a very curious and striking appearance. 

If the Potsdam sandstone runs across the township without having its 
apparent thickness increased by faulting, the minimum thickness that can be 
assigned to it is 1,500 feet, with the summit not reached, and the base not 
even closely approached. 

The township is quite heavily drift-covered. Along the streams in its 
eastern half, considerable sand is exposed, but nothing at all comparable to 
the great accumulations of the Saranac and the Ausable rivers. At Thorn’s 
Corners, two miles west of Mooers village, the Great Chazy river shows 
Potsdam sandstone in the stream bed, and over it on the bank an excellent 
section, twenty-five feet in height, the upper ten feet consisting of coarse, 


cross-bedded gravels, overlying a stony and rather sandy till. 


eo 


or 
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Ellenburgh. 


Series I. The gneisses enter Ellenburgh from the south as three north- 
easterly trending ridges. Ellenburgh mountain on the east, Panther mountain 
in the centre, and on the west the less conspicuous ridge which forms San- 
born’s hill and West hill. The ridges are separated by wide drift-filled 
valleys, in which occasional rounded and glaciated knobs of gneiss protrude 
above the surface. The Ellenburgh mountain gneiss, and that in the valley 
to the west of it, is the ordinary red, microperthitic gneiss of the Adirondacks, 


very acidic, poorly foliated, and cut by numerous veins of coarse pegmatite 


Cass 


and quartz. The pronounced red color of much of the rock is found to be 
due to the infiltration of hematite between the grains and into the cleavage 
cracks of the feldspar. 

The gneiss of Panther mountain and West hill is highly acidic and much 
of it looks like a red granite, and contains nothing besides microperthitic 
orthoclase and quartz. In the more gneissoid exposures a monoclinic 
pyroxene of strong green color creeps in. Very basic bands are not very 
numerous and are, so far as observed, hornblende-plagioclase gneisses, 
generally having this same green pyroxene in addition. The magnetite grains 
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which occur in these gneisses are often surrounded by rims of titantite, 
indicating that they are titaniferous, and this is frequently the case in these 
gneisses throughout the whole region. 

The facility with which gabbro grades into diorite has been shown by 
several observers. These hornblende gneisses of the Adirondacks seem also 
to grade into gabbro-gneisses whose igneous origin and relationship with the 
greater gabbro masses are regarded as certain, and it is quite probable that the 
hornblende-gneisses will prove to be merely a phase of them. 

Series IT and [/T are not known to occur in the township, though it is 
quite likely that basic gabbros may be found in the gneisses. 

Series ITV. All the northeastern half of the township is occupied by 
the Potsdam sandstone, with prevailing dips of from 5° to 10° to the N. W. 
The striking feature of the Ellenburgh Potsdam is its coarseness, even at 
considerable distances from the gneiss, so that heavy conglomerates here 
range through a thickness of 200 feet or more. A quarter of a mile west of 
Star post office, and 200 yards south of the road, the Potsdam is found within 
fifteen yards of the gneiss, a slight depression with no rocks exposed lying 
between. The Potsdam is not as coarse as might be expected so close to the 
contact, no coarser in fact than is the larger part of the formation in the town- 
ship. This, together with the somewhat abnormal dip of the sandstone at 
this place, gives rise to the suspicion of a north and south fault here (the 
Potsdam les to the east of the gneiss), and such a fault would explain the 
sudden shoot to the north which the gneiss takes along this line. 

In addition to the prevailing coarseness, much of the rock is very feld- 
spathic, as is the case throughout the county in the basal Potsdam. The 
less coarse, rapidly disintegrating, hematitic beds which frequently accompany 
the conglomerates make, however, little show in this township. But there is 
often a rapid alternation of coarse and finer beds, giving a thin-bedded 
character to much of the coarse rock. 

In the extreme northeast the conglomerates are left behind, and the rock 
consists almost wholly of quartz sand. Yet even here certain horizons are 
very pebbly. A very interesting exposure of the sort occurs in the bed of the 
English river at Elenburgh depot. The dip here is slight and the surface of 
a single layer is exposed over many square yards. The rock is a coarse, even- 
grained grit but is set with numerous pebbles of white quartz, sometimes 
over two inches in diameter. The horizon is well above the base and affords a 
good instance of the coarse character which the rock holds throughout. In 


addition to the quartz pebbles three larger rounded masses of sandstone, from 
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four to six inches in diameter, were also observed embedded in the layer, as 
well as two smaller pebbles of the same character. 

Series V. Of the eleven dikes found in the township only three call 
for any comment. Two miles from Webster’s mill, on the road west, an 
enormous bostonite dike is exposed just north of the road. It is fully thirty 
feet in width, has a dark reddish hue, and contains much porphyritic ortho- 
clase, the crystals ranging up to one inch in length. Besides furnishing a 
magnificent example of these dikes, it is also of interest for its indication of 
the wide distribution of the bostonites. Just south of this dike, by the road- 
side, is a dike of diabase (No. 96), two feet wide, which furnishes quite fresh 
material, and is noteworthy for the strong pleochroism of its porphyritic 
augite. One-fourth of a mile southwest of Star post office is a diabase dike 
(No. 102), which furnishes the largest feldspar phenocrysts observed in any 
diabase in the county. They are numerous, occur up to an inch in length, 
breaking with lustrous cleavage faces which beautifully show the twinning 
and complicated intergrowths of the crystals. The feldspar is close to 
labradorite. 

Sertes VI. The township lies beyond the reach of the Champlain 
deposits. It has the usual heavy glacial deposits filling the valleys. A long, 
massive, esker-like ridge forms a conspicuous feature near Ellenburgh depot. 
It lies right athwart the valley of the English river and has saved the railroad 
company the trouble of constructing a trestle, or embankment across the 
valley. It has thrown the river out of its pre-glacial course and must have 
dammed the valley for a brief time. The river has cut but a narrow trench 
through it at its north end down to the level of the Potsdam in the stream 
bed. The summit of the esker rises nearly to the level of the valley walls, 
the valley being here quite wide and the sides of gentle slope. The length 
of the esker is not known, but its width is fully one-quarter of a mile. No 
good sections were seen, but a small cut at the base showed a coarse sand 
matrix in which pebbles were set, these being somewhat rounded and _ reach- 


ing no great size. 


Dannemora. 


This township has a more typical Adirondack character than any other 
in the county, with the exception of Black Brook. The massive ridge of 
Lyon mountain hes largely in it, though the summit is just over the border 
in Saranac. ‘The two largest lakes in the county, Chazy and Upper Chateau- 


536 Report oF THE SrarE GEOLOGIST. 


gay lakes, lie, the former wholly, and the latter mainly, with its borders, and 
the latter is, furthermore, a quite typical Adirondack lake. 

Series I. The gneisses constitute the larger part of the township, the 
massive ridge of Dannemora mountain occupying the eastern portion, Mount 
Lyon in the centre, and the range of hills which extends into Ellenburgh as 
Ellenburgh mountain on the west. Much ‘of the gneiss is of the ordinary 
acid, microperthitie variety, with the ever present bands of basic hornblende 
gneiss. On Dannemora mountain, along with the red gneiss, is a white gneiss 
streaked with black, which contains a quite pleochroic green monoclinic 


pyroxene and much titanite. At Lyon mountain village, the ore-bearing 


Ne 


x 
Gneiss Gabbro. 


gneisses are also pyroxenic. They are well foliated, red gneisses, made up of 
quartz, orthoclase, plagioclase, green pyroxene, deep orange titanite, a little 
hornblende and magnetite. The pyroxene is strongly pleochroic, like that at 
Dannemora, a being greenish-yellow, & and ¢ green. The presence of so much 
titanite in the rocks enclosing the magnetite deposits is interesting. It never 
appears as rims round the magnetite, as it does in some of the hornblende 
oneisses, 

Series II, Not present in the township so far as known. 

Series ITI. single small knoll of basic gabbro occurs nearly a mile 
east of the lower end of Chazy lake, with gneiss in close proximity on the 
west, and Potsdam on the east, while the gneiss of Dannemora mountain is 
only two miles away eastward, so that this gabbro is undoubtedly to be 
classed with the smaller masses which occur interbanded with the gneisses, 
The rock is somewhat gneissoid, but readily identifiable in the field as gabbro. 
[t is not completely granulated, but of the ophitic type, showing large 


individuals of labradorite and nearly colorless monoclinic pyroxene of 
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diallagic habit, both crammed full of intrusions. The interspaces are of 
granular structure, containing plagioclase and some unstriated feldspar, 
neither with inclusions; augite, also without inclusions, hypersthene, horn- 
blende, biotite and magnetite. his granular portion has evidently not 
resulted from the mere granulation of the original rock, but is almost wholly 
due to recrystallization. Reaction rims of biotite and hornblende around 
magnetite are excellently shown. Garnet seems to be absent. Throughout 
the county it is not so characteristic of the basic gabbros as of the 
anorthosites, though frequently present in them. Aside from this exposure 
no rocks of this series have been seen in the township. 

Serves IV. A tongue of Potsdam sandstone runs into Dannemora, 
occupying the depression between Dannemora and Ellenburgh mountains, 
and traceable to Chazy lake, at the Chazy Lake House. Though hemmed in 
between the gneisses, no coarse conglomerate has been seen, and most of the 
rock is the red, hematitic, easily decomposing arkose. The best exposures 
are in Steep Bank brook, two miles north of Dannemora village, and here 
at an altitude of 1,500* feet, the greatest elevation known to be reached by 
this rock in the county. 

Series V. Forty-one dikes have been found in Dannemora township. 
Kemp has noted eleven which cut the ore-body in the Chateaugay mine at 
Lyon mountain, and five more have been described by Eakle from Upper 
Chateaugay lake. The remainder have been found by the writer. Along the 
west shore of Upper Chateaugay lake, and along the road north from 
Dannemora over the mountain, are notable exhibitions of dikes. Four of 
them are of bostonite, the rest are diabases. Only two of them need further 
notice here. 

Dike No. 46, west of the lower end of Chazy lake is of the bostonite 
type, but abnormal. It is dark brown to black im color, non-porphyritic, and 
rather coarse for this rock, with the trachytic structure not well marked. It 
is almost wholly made up of rather large orthoclases, which are packed full of 
inclusions of green hornblende and biotite. The two minerals have precisely 
the same color, so that in many cases it is impossible to distinguish them from 
one another, but both are present. There are also some larger, irregularly 
bounded green hornblendes which seem secondary after a nearly colorless 
monoclinic pyroxene, two cores of which remain in the slide surrounded by 
the hornblende, which is of the uralite type. It is a curious rock, and if 
classed with the bostonites, must run very low in silica for that type. Just 


what was its original condition, is not clear. 
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Dike No. 66, from Upper Chateaugay lake, is a typical olivine diabase, 
in which even the olivine is surprisingly fresh. The pyroxene 1s of 
lilac color, with quite strong pleochroism, a yellow, b and ¢ Iiac. _ Its 
phenocrysts are full of inclusions and markedly zonal. In the ground-mass 
is considerable brown hornblende and some biotite, so that the rock grades 
toward the camptonites. 

Series VI. The Chazy lake valley has some features which suggest a 
fault valley, but the lake is held in place by heavy drift deposits at both ends. 
There are also heavy drift deposits at the upper end of Upper Chateaugay 
lake. Bradley pond is but a remnant of a somewhat larger body of water in 
a wide valley where the drift is unusually heavy, and whose surface is strewn 
with multitudinous loose blocks of Potsdam. Three miles north of the pond, 
in Ellenburgh, a watershed is formed by an accumulation of hills of modified 
drift, sand and gravel with surface blocks of Potsdam, which stretches across 
the valley from side to side. 


Saranac. 


Series I. Except for the southeastern portion, known locally as 
Hardscrabble, the entire township is occupied by the gneissic series. The 
most accessible exposures are those found along the Saranac river, from 
Saranac hollow westward, the most notable being the section in the gorge 
below the High falls. Excellent and repeated exposures are also found 
along True brook. The gneisses in the township are for the most part of the 
ordinary red, microperthitic variety, with the usual variations in the amount 
of ferro-magnesian silicates present, and also with the customary bands of 
basic gneisses, both the hornblende gneisses and the gabbroic gneisses 
occurring. Along the North Branch of the Saranac, from Petersburgh west- 
ward to Cold brook, are microcline and plagioclase gneisses which closely 
resemble those in Black Brook township already described. 

Just east of Russia, north of the road, is a strip of brecciated gneiss, 
like that described by Kemp from Hammondville and elsewhere in Essex 
county,* the gneiss being in angular fragments of varying size cemented 
together by a mixture of chloritic and other decomposition products. The 
breccia has no great lateral extent and is cut by dike No. 33. 

Along True brook, in Lot 35, just above the old mill dams, are scanty 
exposures of the only rock at all resembling quartzite which has been seen 
in the county. Unfortunately the exposures are isolated, no others having 


* Report of New York State Geologist for 1893, Vol. L., p. 436. 
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been noted within half a mile to the east, while westward from this point the 
valley expands, and all rocks are heavily buried in drift. Gneissic ridges are 
within a mile both to the north and the south, but the rocks accompanying 
the quartzites in the valley are nowhere exposed. Megascopically, much of 
the rock is white and granular, with occasional small red garnets showing, 
and, but for the latter, looking quite like some parts of the Potsdam. Other 
portions are coarser, showing both quartz and orthoclase, the latter predom- 
inating, and with an arrangement of the quartz in leaves, resembling, in that 
respect, the Canadian rocks which Dr. Adams calls “leaf gneisses.”* 

Under the microscope, the rock is seen to be mainly composed of 


microcline and quartz, with some orthoclase, a little plagioclase, and occa- 


° a 


Anorthosit®, Potsdam. 


sional garnets, the whole with a rather finely granular structure. A few 
larger individuals give the impression that the rock has been granulated, 
but it is not certain. In one of the two slides made, are found occasional 
individuals of a nearly colorless mineral, whose parallel extinction, high 
interference colors, small axial angle, and positive character are indicative 
of sillimanite, though it is irregularly bounded and somewhat broken and 
crushed. Its presence is of interest, as the mineral is quite characteristic 
of certain schists closely associated with the limestones, and may perhaps 
indicate the presence of the limestone series here concealed by the drift in 


the valley. 


* American Journal of Science, Vol. L., p. 62. 
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Series IT At Petersburgh, showing well just north of the road, is 
one of the largest of the basic gabbro bands that has been met with in the 
county. Measured across the strike the exposure is fifty yards wide, and 
the full width is not shown, but within a few yards distance, on both sides, 
ordinary red gneiss comes in. A few yards south of the river at Petersburgh 
bridge, is a small exposure of similar gabbro, and half way between Russia 
and Redford, is another with red gneiss close at hand. On the True brook 
road, just before reaching the fourth bridge (the road crosses the Brook 
several times), is still another, which looks like an enormous dike ten yards 
wide, enclosed in the gneiss. 

These four gabbros are all alike in mineralogic composition, being made 
up of augite, hypersthene, hornblende, biotite, magnetite, plagioclase (some 
untwinned) and apatite. Unlike most of the gabbro of the region, they 
totally lack garnet. The gabbro south of the river at Petersburgh has the 
ophitie structure, with the large characteristic feldspars and augites, which 
always occur when that structure is preserved. The others are all granular, 
and have suffered recrystallization : that between Russia and Redford having 
the very finely granular structure of the “shear-zone” rocks. The Peters 
burgh exposures are readily recognizable in the field as gabbros, while that 
on True brook more resembles the hornblende gneisses, 

Series IV. The Hardserabble district. a rather elevated plain between 
the Saranac and Salmon rivers, which lies partly in southeastern Saranac, 
is occupied by the Potsdam sandstone, but the heavy drift renders it impos- 
sible to accurately map its southern, western and northern boundaries. The 
exposures seldom show more than the upper surface. The rock is thin-bedded 
for the most part, commonly buff, but with some red layers: is coarse and 
gritty, but seldom pebbly, and most of it disintegrates quite rapidly, few 
well indurated layers showing. 

Series V. Thirteen dikes have been found in the township, most of 
which are decomposed diabases. No. 41, just west of the third bridge over 
True brook, is a typical olivine diabase, with large olivine and augite pheno- 
crysts, the latter of a light rose color and slight pleochroism. The rock is 
quite fresh, much of the olivine being perfectly sound. 

No. 32 is the only bostonite met with. Tt cuts the gheiss just east of 
Saranac village, and is a non-porphyritic, dark red rock, which contains a 
considerable amount of green biotite and of magnetite. 

Series VI. The sand deposits of the Saranac valley run up the river 
to beyond Redford, and are very conspicuous at that point, where they haye 
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an altitude of about 1,000 feet. One mile southwest of Dannemora, at about 
the same elevation, is a considerable accumulation of sand with streaks of 
gravel, perched on the valley side about 400 feet above the river, and sand 
at about the same level shows at several points between. Both here and in 
the Ausable valley, these delta deposits of the old lake seem to run higher 
than heretofore recognized. 


Black Brook. 


This is the largest township in the county, and lies in the southwestern 
corner, adjoining Franklin county on the west and Essex on the south. Its 
western half is wild, and much of it is quite inaccessible. The valleys are 
wide with few exposures, and the ridges are difficult of access, forest clad, 
and with their northern slopes heavily drift covered. Hence it is extremely 
difficult to find outcrops in sufficient number to permit of accurate mapping. 

Series I. With the exception of the extreme southwest, the entire 
township is occupied by gneissic rocks which, for the present, must all be 
classed together. There is comparatively little of the ordinary microperthitic 
gneiss. Such is found on the northern border, and on Palmer hill at the 
east. But even on Palmer hill and along the river at Ausable Forks there 
is much microcline gneiss, and much of the gneiss contains abundant. green 
monoclinic pyroxene. This association of pyroxenic gneiss with the Palmer 
hill magnetite deposits is of interest in view of the like association at Mine- 
ville, as reported by Kemp.* The same also occurs at Lyon mountain. In 
some of the Palmer hill gneisses there are titanite rims around the magnetites, 
a curious circumstance considering their juxtaposition to the ore-bodies. 
These gneisses are well shown along the railroad just east of Ausable Forks. 
In these exposures is a sheared strip, three inches wide, in a coarse pegmatitic 
band, which consists wholly of slickensided chloritic material. Just east of 
the Forks is a heavy band of basic gneiss, which is hard and firm, and 
contains, in addition to hornblende, plagioclase, biotite and magnetite, much 
hypersthene but no monoclinic pyroxene. It is the only rock of the kind 
seen in the county. The peculiar microcline gneisses, which have been 
described on a previous page, are widespread in the central part of the 
township, and the ponderous east and west ridge known as Silver Lake 
mountain, 1s wholly composed of them. 

At Union Falls, the river drops twenty feet over gneiss and passes north: 


eastward in a gorge, exposing an excellent section in which the very variable 


* Report New York State Geologist for 1893, Tart I., p. 441 
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character of the gneiss, as exhibited in the township, is well shown. The 
main portion is a well foliated rock of microperthitic microcline and 
orthoclase, with quartz and a variable, but commonly considerable amount of 
hornblende, biotite and magnetite. Much basic hornblende gneiss is 
interbanded with it. A mile and a half a little east of north of the Falls, in 
a field a few rods back from the road, is a considerable exposure of a brown 
gneiss which contains an orthorhombic pyroxene of too slight pleochroism 


and too weak double refraction for hypersthene, and which is probably 


enstatite. It is the only occurrence of this mineral yet noted in the county. 


A short distance to the east is a well foliated microperthitic gneiss holding 
numerous garnets, a mineral which, as a rule, is quite rare in the eneisses. 
1 - = , *» =) G . + ri . = 
Gneiss 1s well exposed for several miles along the valley of Great Black 
brook, the best exposures being at Black Brook village. This gneiss is, for 
the most part, a well-foliated plagioclase gneiss, containing also orthoclase, 
some quartz and a considerable amount of hornblende, biotite and magnetite. 
rt. ° 7 ‘ . . . . 
The long ridge called Leggett mountain, which lies in the extreme south- 
west and extends into Wilmington, Essex county, shows frequent exposures 


of red and lilac-grey microcline gneiss at its northeastern extremity. Along 


ee 
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with these, is a small outcrop of basic gabbro of the type that occurs 
interbanded with the gneisses. Exposures elsewhere on the ridge were very 
difficult of access and were not reached, but it was thought probable that the 
whole was of gneiss. However, Professor Kemp reports gabbro from the 
ridge just over the border in Wilmington, and the place where the gneiss 
ceases and gives way to gabbro must be left for future determination. 

Series II. Not far from the Franklin line, in the valley between 
Catamount and Leggett mountains through which Little Black brook 
meanders, occur the only exposures of the limestone series which have been 
found in the county. But three exposures were found, and the extent 
eastward is uncertain, but the belt passes westward into Franklin county, 
good exposures occurring around Franklin Falls. 

About two miles east of the Franklin line, and lying close up against the 
side of Catamount mountain, a massive limestone occurs in which a 
considerable opening has been made and the rock burned for lime. The 
limestone is coarsely crystalline and much of it quite pure, but other parts 
contain much green pyroxene, sometimes in great bunches making up the 
larger part of the rock, sometimes more evenly scattered through the mass. 
In places graphite and phlogopite occur, but in no great quantity. Locally 
there is considerable titanite, and there is one finely crystalline, narrow band 
composed about equally of titanite, pyroxene and calcite. A few small, 
slender green apatites were noted, but are not common. The breast in the 
limestone is about twenty feet high and 150 feet long. Not far distant, 
farther up the ridge, basic gabbro crops out. 

By the roadside, some fifty rods south of the limestone, is a small outcrop 
of a crumbling, rusty gneiss, consisting of a nearly colorless monoclinic 
pyroxene and microperthitic orthoclase. In addition it contains some 
sillimanite, titanite and magnetite, quite a little pyrite, and large scales of 
graphite along the planes of foliation. Associated with it is a band of basic 
hornblende-plagioclase gneiss. These gneisses are like those associated with 
the limestone elsewhere and belong to this series. No other outcrop of such 
gneiss has been seen in the county. 

Series III, The massive, northeastwardly trending ridge of Catamount 
mountain is composed of gabbro, and is probably a prolongation of the area 
over the border which makes up the Whiteface mountain mass. ‘The two are 
separated by a wide, drift-filled depression which is probably occupied by the 
limestone series. The Catamount ridge is suddenly cut off on the southwest, 
at right angles to the trend of the ridge, and presents in that direction a quite 
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precipitous face which looks like a fault scarp. Such faces are characteristic 
of most of the ridges of the county and produce the same impression on the 
observer as do those of Essex county, which Kemp regards as of the block- 
tilted type. 

The Catamount gabbro is of the anorthosite variety, and so thoroughly 
granulated that large cleavage faces are seldom visible in the hand specimen. 
Hence the prevailing color is white, the ferro-magnesian silicates not being in 
large amount and always concentrated along planes, so that the rock is quite 
gneissoid. Garnet is present, but not so prominent as in much of the 
anorthosite. The thin section shows monoclinic pyroxene, hornblende and 
magnetite. 

Not far above the limestone quarry, basic gabbro outcrops, but 1s so 
poorly shown that it is impossible to ascertain its extent. It is composed. of 
augite, hypersthene, hornblende, biotite, garnet, magnetite and labradorite. 
It seems to have been originally of the ophitic type as it contains some of the 
diallage like augite, full of inclusions, which characterize that type. None of 
the original idiomorphic feldspar remains, however, and most of the rock 
seems to have undergone recrystallization. None of the minerals have 
idiomorphic boundaries except the biotite, which does not appear as reaction 
rims round the magnetite, but in thin plates distributed through the rock, 
In fact there is no sign of reaction rims of any kind in the rock. In addition 
to the above the same gabbroic gneisses are found interbanded with the other 
gneisses of Series I that are found so commonly in the other townships. 

Series IV. No Palaeozoic rocks are to be found in the township although 
the Potsdam sandstone almost reaches it on the north and east. 

Series V. Thirteen dikes have been noted in the township, all of which 
are diabases. Three of the very narrow ones approach augite-camptonite by 
the augite of the ground-mass becoming idiomorphic. Nos. 84 and 86 are 
very typical diabases, furnishing quite fresh material. 

Series VI. The higher level of the sand deposits of the Ausable river 
runs up the river some distance above Ausable Forks, at that point rising 
some little distance above the river level. Just west of the Forks on the road 
to Black Brook an excellent section, twelve feet in height, is exposed, which 


is as follows, from the top downward : 


it Soil. 
2. Coarse yellow sand with a few boulders,. . . . 2 feet 
3. Fine white sand with no boulders, . . . 2. 2. . 3) CS 


+. Stiff, blue, jointed clay, weathering white, . . . 1 “ 
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5. Sandy, laminated clay, somewhat undulating, . . 0 feet 9 inches. 
6. Laminated, clayey sand, much folded and contorted, 1 foot. 
Alternating thin bands of sand and clay with occasional rounded 
boulders, to the base of the section, with a six-inch clay seam in its upper 
part, which unites with the upper jointed clay, No. 4, at the west end of the 
section, but one hundred feet away is three feet below it. At the east end 
everything is cut off by the sudden downward dip of the upper yellow sand. 
The white sand, No. 3, contains thin streaks of fine gravel and occasional 
small clay nodules, and becomes very gravelly at the east end of the cut, 


The whole seems clearly a shore deposit in standing water. 
Ne I g 


Ausable. 


This is the smallest of the townships, and lies in the southeast, with the 
Ausable river forming its southern boundary except at the extreme east, 
where a narrow strip of low sandy land pegneree to the modern delta of the 
river is included in the county. 

Series I. 'The gneisses cross the river into the county at Clintonville 
and continue thence northeastward about half-way across the township, when 
they are overlapped and indented by the Potsdam, their line of outcrop 
swerving to the west and then to the northwest. The wide gneissic hill in 
the western part of the township is known as Arnold hill, and is 
topographically an extension of Palmer hill in Black Brook. The Little 
Ausable river cuts through it in a narrow, steep-sided valley, apparently due 
to a fault, with the gneiss showing grandly on the east side. At Clintonville 
and northeastward from it, are also excellent exposures. Then follows a drift 
filled depression a mile in width, beyond which the gneiss again crops out in 
two low hills, round which the gabbro sweeps in a semi-circle. 

The exposures are, for the most part, of ordinary microperthitic gneiss, 
with some plagioclase gneiss toward the north, and with the usual bands of 
hornblende gneiss. On Arnold hill are important ore-bodies. About one 
mile southwest of Harkness station and near the railroad, is a strip of no great 
width which resembles a dike and is probably a sheared strip. It is a finely 
granular black rock, made up of plagioclase, orthoclase, hornblende, biotite 
and magnetite, hence with the mineralogy of the hornblende gneisses, 

Series ITI, Lying east of the gneisses, and forming the rather low 
elevation known as Halleck’s hill, is an area of anorthosite. It has a breadth 
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of one mile and a half whére it crosses the river from Chesterfield, and 
eradually decreases in width going north till the last of it runs under cover 
two miles north of Keeseville. 

The district furnishes the most typical anorthosite to be found in the 
county. While the rock is much granulated, some of it wholly so, there is 
still much of it that shows partially unbroken crystals of labradorite that 
reach, on occasion, a yery considerable size, beimg found up to three inches in 
length. A considerable part of the rock is almost wholly feldspathic, the 
ferro-magnesian minerals occurring only in very small amount. The less 
feldspathic portions of the rock are the most completely granulated, and have 


a prevailing gneissic habit. In these varieties garnet 1s very abundant, often 
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imparting a reddish tint to the rock. In them reaction rims are also a feature, 
and a considerable amount of reerystallization has taken place. Openings 
have been made in the more feldspathic portions of the rock in the vicinity of 
Keeseville, and some of it put on the market under the name of “Keeseville 
granite.” It makes a very handsome stone, the large, blue-grey labradorite 
crystals surrounded by a lighter colored granulated zone giving a very pretty 
effect ; but no tests of its crushing strength have been made, so far as the 
writer is aware. It seems quite resistant to weathering. 

In several places in this anorthosite area are found bands of basic 
gabbro, When finely granular, as is commonly the case with the thinner 
bands, they look like dikes. The larger masses are often less changed and 
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show the rude ophitic structure already described. The larger feldspars often 
show beautiful pressure effects, the crystals not only being broken but 
frequently bent. In one slide is a_ well-twinned crystal, about seven 
millimetres long, in which the gradual variation in extinction from one end of 
the crystal to the other amounts to 25°, showing a bending to that amount, 
yet with no apparent breakage of the crystal. 

The contacts between these basic bands and the anorthosite are often as 
sharp and clear as intrusive contacts, so that slides may readily be prepared 
consisting half of one and half of the other. 

As has been already stated, these basic gabbros are so absolutely like the 
basic gabbroic bands found in the gneisses, that there can be no question as 
to the identity of the two. Neither in the hand specimen nor in thin section 
can they be distinguished from each other. Both the granular and the 
ophitic phases occur in both situations. It would seem most probable that 
they are to be regarded as basic segregations from the main anorthosite 
intrusion, which have been stretched out into bands parallel with the foliation 
of the enclosing rock as a result of dynamic metamorphism. Such 
segregation would take place mostly toward the periphery of the mass, and 
such portions as were squeezed out into cracks in the enclosing rocks would 
be mainly of this type. But on the other hand the frequent sharp boundaries 
between the basic gabbro and the anorthosite, with no sign of gradation into 
each other, and the much wider distribution of the gabbro, can not but give 
rise to the suspicion that, at least in part, the gabbro intrusion may have been 
subsequent to that of the anorthosite.* 

A massive band of basic gabbro which is found in the anorthosite at a 
point a little over a mile west of Keeseville, just north of the river road, is 
interesting as showing a gradation toward diorite. Monoclinic pyroxene and 
garnet.are found in the rock but are very subordinate to the hornblende, 
which shows great development, while hypersthene is absent. A hint of this 
is given in the appearance of the rock, which is more schistose than the 
normal gabbro. The main interest attaching to the occurrence is from its 
possible bearing on the origin of the hornblende gneisses of the gneiss series, 
which the rock much resembles. 

Two miles west of Keeseville, on the river bank, is a knob of gabbro 
which is interesting as indicating a transition to gneiss. It is of brown color, 


finely granular, and contains quite a little quartz and microperthitic 


* Later work by both Professor Kemp and the writer demonstrates that much, if not all of the basic gabbro is of later date 
than the anorthosite, as indicated here at Keeseville. 
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orthoclase in addition to the ordinary gabbro minerals, plagioclase, 
hornblende, augite, garnet and apatite. It is the most westerly of the gabbro 
outcrops, but two miles of barren ground intervene between it and the 
Clintonville gneisses. 

Series IV. The only Palaeozoic rocks exposed in the township are of 
Potsdam sandstone. The magnificent exhibition of this rock in the Ausable 
chasm has been mentioned by many observers, and has been carefully 
measured by Mr. Waleott.* Except for this river section, all the Potsdam 
in the eastern part of the township is deeply buried by sand. The rock 
exposed at Keeseville and in the chasm is quite homogeneous, of white, grey 
or yellow brown color, and the fossils indicate that it is the upper portion 
of the formation that is here shown. This, together with the lack of red beds 
and conglomerates as the gabbro is approached, gives rise to the suspicion of 
a fault contact. It is about on a line, also, with a fault which runs through 
Peru and Plattsburgh, close to the lake shore. | 

A very interesting exposure of Potsdam on the west side of the supposed 
fault is worthy of description. The locality is not quite a mile west of 
Keeseville, not far west of the race track, and a few hundred yards southeast 
of School No. 5. Nestling in an indentation in the eastern face of the gabbro, 
is a small mass of peculiar, very coarse conglomerate, capped by very red, 
thin-bedded layers of feldspathic sandstone of the ordinary basal type. 
The conglomerate carries very numerous, well-rounded quartz pebbles of a 
reddish hlac tint, ranging in size up to two inches in diameter. With 
these are occasional smaller fragments of orthoclase and a few dark colored 
pebbles of decomposed rock, apparently of diabase. In streaks magnetite is 
present in very large quantity, in well rounded grains. The coarsely granular 
matrix looks black when fresh, but on weathering becomes mottled with 
blotches of green chloritic material, which gives the predominant color to the 
rock. In thin section, grains of quartz, microperthitic orthoclase, magnetite, 
titanite and microcline, named in order of abundance, are seen to constitute 
the matrix, and are set in a green chloritic-like cement, whose exact nature 
is not clear. The coarseness of the conglomerate is astonishing when we 
remember that it is composed entirely of gneissic debris, yet is in contact with 
anorthosite, the nearest exposures of gneiss being one mile and a half away. 

In the northern and western parts of the township considerable Potsdam 
is exposed. It is, for the most part, a hard, flinty sandstone of buff color, 


* Balletin 81. United States Geological Survey, pp. 343-344. The boss of granite mentioned b Mr. Ww 
benk above Keeseville, is of cabbro. if ee are 
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though on the north flank of Arnold hill, in the vicinity of the gneiss, coarse 
conglomerates occur, In the central part of the town it runs down in a 
curious way between two gneiss ridges. There is here a drift-filled valley, a 
mile or more in width, which runs clear across the township, and was 
apparently the track of a pre-glacial stream. Along the Ausable it intervenes 
between the Clintonville gneiss and the gabbro to the eastward, but further 
north, gneiss ridges form both walls. At the north end, the Potsdam-gneiss 
contact 1s found near Mr. Harkness’s house. The well on the premises, close 
by the house, penetrated hornblende gneiss at a depth of a few feet, while 
only five rods to the northwest, flinty Potsdam was reached in a cistern. One 
mile and a half to the southward, are two old openings in Potsdam sandstone, 
known as Mace’s quarry. The rock is ordinary hard, massive, buff sandstone. 
Less than a. mile away on each side, are massive gneiss ridges, and we have 
here apparently a pre-Potsdam as well as a pre-glacial valley. It is unfor- 
tunate that the drift covering does not permit us to determine how far up 
this valley the Potsdam runs, but there seems no reason why it may not run 
clear to the Ausable river. It recalls the patches of Potsdam described by 
Kemp from Essex county.* 

Series VI. The northern slopes of Arnold hill are covered with till, 
and the surface is plentifully besprinkled with boulders. The till covering 
ranges throughout the gneissic area, but elsewhere in the township every- 
thing of the sort is hidden from sight beneath the universal mantle of sand. 
This surrounds Halleck hill on the east and north, running clear to the lake 
shore and well into Peru. It extends up the Ausable valley beyond the 
limits of the township, and at Clintonville and New Sweden is heavily banked 
up against the gneisses, is bare and much drifted about by the winds. It 
also extends throughout the valley of the Little Ausable, even in its narrow 
upper reaches, great drifts of it lying around and against the protruding 


bosses of gneiss. 


Peru. 


The western third of Peru township is hilly, and occupied by the 
gneisses. A plain of till, with a breadth of one mile and a half, borders the 
hills on the east. Then there is a drop of fifty to one hundred feet, to the 
level of a sand plain, which has a breadth of from three to four miles, For 
the last three miles to the lake, rock ledges protrude frequently through the 


* Report of New York State Geologist for 1803, Vol. I., pp. 454-458. 
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Champlain clays and sands, but from thence westward to the hills everything 
is concealed by the drift and sand. 

Series I. Three northeasterly trending gneissic ridges rise in the western 
third of the township. The most northerly of these is a narrow ridge known 
as Burnt hill, which rises rather abruptly from the Salmon river valley, but 
whose summit is only a little above the level of a plain of Potsdam sandstone, 
which overlaps it on the north. In the central-west is the wide, massive 
ridge of Terry mountain, and to the south is a somewhat disconnected ridge 
coming in from Black Brook, the most easterly summit of which is called 
Mt. Etna. The larger part of the gneiss is of the ordinary microperthitic 
variety. A quite prominent gneiss on Mt. Etna is a quartz plagioclase gneiss, 
with some microcline and orthoclase, and with hornblende, biotite and magne- 


Gneiss. 


tite present in considerable amount, so that the rock is well foliated. The 
Burnt hill gneiss contains much microcline, that mineral often constituting 
more than fifty per cent. of the rock. 

Series If and LIT do not appear in the township. 

Series IV. Potsdam sandstone. Though the Potsdam must occupy 
much of the central part of the township, the exposures, with one exception, 
are close to the gneiss, poor, and possess no special interest. At Lapham’s 
mills the Little Ausable is in a new channel, and about thirty feet of Potsdam 
is there exposed, all rather coarse, some of it red, but mostly buff or brown 
in color. The dip is to the southwest, and rocks of Calciferous age surround 
it on all sides. That in the river bed at Peru, one mile to the southwest, has 
the same dip, while the exposures to the north and east dip to the north- 
east, and a fault must lie between them and the Potsdam, this fault being 
probably along the summit of a low fold. 
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Calciferous sandrock. Rocks of Calciferous age apparently form the 
surface over most of the eastern third of the township, although no certainty 
can be reached upon this point, due to the scarcity of exposures. The out- 
crops are small and isolated, and generally give no clew to their horizon in 
the Calciferous, being for the most part of the iron-grey dolomite which consti- 
tutes such a large part of the formation. Just north of Lapham’s, are meagre 
outcrops of very sandy dolomites, which weather to deep ferruginous, sandy, 
brown crusts, and seem to belong to Division D, of Brainard and Seely. 

Along the lake shore, both north and south of Valcour, rocks of this age 
outcrop for a distance of a mile or more. The major part of the rock is a 
hard grey dolomite, full of seams and balls of calcite, and in some layers quite 
fossiliferous. Interstratified with them are thin ‘bands of limestone, more 
abundant toward the top. Here limestone is also found in irregular lenses, 
which are full of fragmentary fossils, looking as if they had been worn on a 
beach. An Ophileta-ike form also occurs, and is the only species found 
entire. The rocks lie in a series of low east and west folds, with a slight 
fall of the whole toward the north. They are well toward the top of the 
Calciferous, and are followed a short distance to the north, apparently 
contormably, by the lower Chazy. The whole mass is penetrated by irregular 
slaty seams. 

Chazy limestone. From Valcour northward along the lake shore, rocks 
of Chazy age outcrop in a belt about half a mile wide, abruptly terminating 
on the west along a fault line, the Bluff Point fault. The exposures are 
rather infrequent, and the district needs detailed study, but everything seen 
seems referable to the lower part of Division A, of the Chazy. On Mr. Day’s 
land two quarries have been opened in the rock, one near his house and one 
by the lake. In the upper quarry especially, the rock is quite fossiliferous, 
and good collections can be made. <A large Nautilus is conspicuous among 
the fossils. Mr. Day has an excellent Lituctes obtained from the quarry. 
Trilobite fragments abound, mainly of Lllenus and Harpes, and several 
species of brachiopods are present, Orthis costalis bemg the most common 
form. ‘The locality is one of considerable palaeontologic interest. 

Series V. Hight dikes have been found in Peru, of which six are 
diabases, and call for no special mention. The other two cut the Chazy lime- 
stone, near the lake shore, and are of interest on account of the rarity of dikes 
in the county outside of the pre-Cambrian rocks. 

No. 2, in the field just south of the Day quarry, is a typical camptonite, 
the only one so far found in the county. It may be traced clear to the lake 
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shore, a distance of some 600 yards. Unfortunately it does not furnish very 
fresh material. 

No. 3 lies one-fourth of a mile south of the other, and is a beautiful 
monchiquite. Material may be obtained in which even the olivine is quite 
fresh. The strike of this dike would carry it over to the southern part of 
Valcour Island, and it may be the same dike as the one found there by 
Brainard and Seely. As far as can be told from the description, the two 
are quite similar. But in so disturbed a region such identifications are 


extremely hazardous. 


Schuyler Falls. 


There is little of interest in the geology of this township. The extreme 
eastern edge of the Burnt hill gneiss comes into the southwestern corner 
from Peru. With this exception the only rock exposed in the township is 
the Potsdam sandstone, though it is reasonably certain that the Calciferous is 
also present in the east, obscured by the heavy sand. The western part of 
the township is occupied by Potsdam, lying at a tolerably high level, and 
continuous on the west with the Hardscrabble Potsdam in Saranac. The 
gorge of the Saranac river, at Cadyville, is cut in the eastern edge of this 
plateau, and exposes an excellent section. The old channel of the river lies 
to the northward and is filled to the brim with drift. Along the Salmon 
river the rock is well exposed at Schuyler Falls village, and less well at 
Norrisville. In the exposures is much red rock, and some that is tolerably 
coarse, but whether low or high up in the formation does not appear. 

Series VI. All the eastern half of the township is heavily covered with 
sand, the level ranging from 300 to 400 feet altitude. Occasional cuts show 
the clay below. Further to the west the prevailing cover is still sand, though 
at higher level, and becoming more and more confined to the vicinity of the 
river. Along the Chateaugay railroad the sand shows grandly, much of it 
being bare and forming dune-like ridges. Cuts in the river bank at Morrison- 
ville show an esker-like deposit of coarse sand and gravel, with small some- 
what rounded boulders. Its summit lacks a few feet of reaching the level of 
the sand plain, so that its presence would be unsuspected were if not for the 
river channel.* A precisely similar section is shown along the Salmon river 
just west of Schuyler Falls, which may represent a prolongation of the 


same deposit. 


* This esker (?) is noted by Mr. Baldwinin American Geologist, March, 1894, page 177. 
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Plattsburgh. 


No pre-Cambrian rocks occur in Plattsburgh. 

Series IV. Potsdam sandstone. Except for the river exposures at 
Cadyville just alluded to, the Potsdam does not outcrop in the township. In 
fact, with this exception there is not an outcrop of any kind in the western 
three-fourths of Plattsburgh. This wide belt must be underlaid in part by 
rocks of Potsdam, in part by those of Calciferous age; but where the 
boundary between them may lie is purely a matter of assumption. 

Calciferous sandrock. By the Salmon river, at the bridge two miles 
above the mouth, several ledges of a hard, dark blue, somewhat calcareous 
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dolomite are exposed. By the road south of the river a grey dolomite, with 
seams and spheroids of calcite, is shown. Though no fossils were found, the 
lithology of these outcrops puts them in the Calciferous, probably well 
toward the top. 

At the pulp mill on the Saranac, three and one-half miles southwest of 
Plattsburgh, the river is out of its old channel for a short distance, and 
exposes a vertical section of some fifty feet, showing heavy, dark blue-grey 
dolomites, which hold spheroids of calcite, and weather to a yellow color, 


interstratified with dark calcarous slates. No fossils were found, and no other 
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exposures are near, to aid in determining the horizon, which is regarded as 
Calciferous, though with some hesitation, it being possible that the rock 
belongs at the base of the Chazy. 

Along the road to Beekmantown Corners, north of Plattsburgh, a long 
ridge of rock of Calciferous age is exposed, mainly of a flinty, grey dolomite in 
massive beds lying nearly horizontal. In the bed of Kennon brook, nearly 
to the Beekmantown line is a considerable exposure, exhibiting some twenty 
feet of rock, the lower part consisting of dark blue, sparkling dolomites 
mingled with lighter colored, more sandy beds and thin layers of white, hard 
sandstone, while above are massive iron-grey dolomites. These beds are well 
down in the Calciferous, higher layers coming in above them in Beekmantown. 

Chazy limestone. The Chazy is excellently exposed on, and southward 
from Bluff Point, and also north of Plattsburgh, where it les just to the east 
of the Caleiferous exposures described above. 

Brainard and Seeley have written briefly of the Bluff Point exposures.* 
The point is a conspicuous topographic feature, rismg sharply to an altitude 
of 170 feet above the lake, and being the only high ground along the shore in 
the entire county. It is a fault block with a resistant stratum at its summit. 
Nearly the whole of the middle Chazy and about one hundred feet of the 
lower division are well exposed. By following along the ridge southward 
from the point, into Peru, nearly the whole lower division may be brought 
into the section. The whole series is characteristically fossiliferous. Along 
the lake shore at the boat landing, the beds shown are well up in the 
Maclurea division, are much jointed, and contain abundantly a large 
strophomenoid form, much like 72. alternata, of the Trenton, for which it was 
taken until the discovery of MJaclurea threw doubt upon the identification. 
Several other species may also be collected there. 

Just south of Bluff Point is a large quarry, worked in a layer of the 
lower division in which the crinoidal fragments have a red color. Much 
stone has been, and is being taken out, which, when polished, makes a 
beautiful and striking marble. 

The Chazy north of Plattsburgh is in a much faulted district, and has 
been mapped in detail. At the normal school, beds of lower Chazy age are 
exposed, which crop out again going north, and are then succeeded, just 
beyond the race track, by the lower Maclurea beds. These continue along the 
road for a distance of nearly a mile, with a sinuous strike. They consist 


mainly of massive, nearly black limestones, and are largely quarried. With 


* Bulletin Geological Society of America, Vol. II., p. 295. 
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these are thin-bedded, rather shaly bands, with an abundant brachiopod 
fauna. Just beyond the three corners, a little over a mile north of Platts: 
burgh, is an east and west fault, bringing up again the upper beds of the 
lower division on the north side. This is followed at once by the Maclurea 
beds again, and thence northward the entire Maclurea division and a large 
part of the upper Chazy appear within the space of a mile, the latter well 
exposed and abundantly fossiliferous. The final exposures are less than half 
a mile from the Beekmantown line, and are succeeded, in the direction of dip, 
just across that line by massive dolomites of Calciferous age. If the section of 
the Chazy here be combined with the Bluff Point section, a nearly complete 
exhibit of that formation is obtained. 

Trenton limestone. The best exposures of the Trenton to be found in 
the county are in this township, but the base, the Black River limestone, is 
nowhere exposed. Along the lake shore, just south of Bluff Point, and 
extending for a third of a mile, are beds of Trenton age. They are separated 
from the Bluff Point Chazy by an east and west fault, with a throw to the 
north of about 200 feet. A small stream occupies the fault line. The section 
exposes some 100 feet of the Trenton. At the south end the dip is steep, the 
beds being tipped up along the fault. The rock is, for the most part, a black 
slaty limestone with lighter colored limestone bands toward the base, which 
contain the brachiopod fauna characterizing the lower 100 feet of the 
Trenton in Chazy township. The upper two-thirds of the section is quite 
barren of fossils, occasional trilobite fragments occurring. Similar beds 
are found in the same position on Crab island, which lies one mile to 
the eastward. The section there has already been briefly described. The 
island is structurally a low anticlinal fold, pitching to the north about five 
degrees. The upper 100 feet of rock exposed there, carrying a lamellibranch 
fauna, is shown nowhere else in the county. 

On Cumberland head, and thence, northward into Beekmantown, are the 
slaty exposures already described. They are younger than any of the Crab 
island Trenton, and separated from that by an unknown vertical interval. 
Just south of the breakwater at Plattsburgh, similar slates are exposed on the 
shore, in which no fossils have been found, but in which thorough search 
should be made, as they may be found to partially fill this gap.  Litho- 
logically they resemble. the Cumberland head series much more than they | 
do the ordinary Trenton. | 

Faults in Series IV. The whole Palaeozoic series is greatly faulted. 
~ Though much remains to be done in working out the faults, especially the 
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minor ones, the greater breaks stand out prominently, and deserve mention. 
The Bluff Point Chazy is cut off sharply on the west by a north and south 
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fault of considerable extent and magnitude. In southern Plattsburgh, 


however, no rock shows to the west of the fault line. It may be traced to 
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the south into Peru, and well to the north also. We may call it the “ Platts- 
burgh fault.” Just north of Bluff Point, the east and west fault, already 
described, runs out to meet it. The throw of this, which may be called the 
“Bluff Point fault,” is to the north, and an approximation to its amount may 
be had. The entire upper division of the Chazy, 200 feet thick on Valcour 
island, fifty to 100 feet of the middle division, and fifty to 150 feet of the 
Trenton are missing, so that the vertical displacement is from 300 to 400 feet. 
North of this fault, the Plattsburgh fault is not traceable for nearly four 
miles, on account of the total lack of exposures, but north of Plattsburgh 
city, on the prolongation of the fault line, is a displacement which is thought 
to be the same. Here the Chazy exposures on the west side are sharply cut 
off at an angle with their strike. To the east no rock is exposed for a 
distance of one mile and a half, when the Cumberland head slates come in. 
Though the fault line is strongly marked wherever shown, no data are 
available for determining the amount of displacement. The throw is to the 
east, and must be large. 

Three-fourths of a mile to the west is another great fault, very well 
shown, which brings up the Calciferous against the Chazy. The horizon in 
the Calciferous has not been determined, but is apparently well down, so that 
the entire lower division of the Chazy, over 300 feet thick, and probably a 
much greater amount of the Calciferous, are faulted out, the throw again 
being to the east. This fault may be named the “ Beekmantown fault.” 
It has a more easterly trend than the Plattsburgh fault, so that the two 
appear to effect a junction on the Beekmantown line, shutting out the Chazy 
altogether, and bringing the Calciferous and Cumberland head series into 
contact in southern Beekmantown. ‘The displacement here, therefore, must 
be very great, as the entire Chazy, all the ordinary Trenton, and an unknown 
amount of the Calciferous are missing, and 1,500 feet would be a very 
moderate estimate of its amount. 

These three, together with the cross-fault in the Chazy beds between the 
Plattsburgh and Beekmantown faults, are the main faults in the township. 
Small faults occur on Cumberland head, and the slaty cleavage there 
developed in the whole series would probably be represented by a con- 
siderable fault, were the beds more rigid. No doubt other faults occur, 
but the paucity of outcrops renders their discovery and decipherment nearly 
impossible. 

Series V. Only two dikes have been found in the township, but they 
are of interest as, together with the South Hero dikes described by Kemp, 
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they are the most northerly of the post-Utica basic dikes known along the 
lake Champlain meridian. 

Dike No. 1 is exposed by the roadside on the road south from Platts- 
burgh, a few yards beyond the point where it rises from the sand plain on to 
the Bluff Point limestone exposures. It is a quite typical monchiquite, with 
very abundant olivine phenocrysts, often perfectly fresh, which speck the 
dense black rock with white spots. Occasional small porphyritic augites 
also occur. The dike being so narrow, the ground-mass is very dense 
throughout, and consists of small, slender augites, magnetite and sparse 
brown hornblendes set in an apparent glassy base, most, if not all of which 
has a very weak double refraction, and thorough investigation may show the 
presence of analcite. 

Dike No. 4 cuts the Trenton north of Bluff Point, and is near the south 
end of the section. It is largely made up of a nearly colorless augite, which 
occurs in two generations, phenocrysts, however, being only occasional. 
Olivine is present, but rare, and can not be regarded as an essential 
constituent. Hornblende is absent except for a few green, uralitic crystals 
of secondary origin. Magnetite is present in considerable amount, and 
there is also a notable quantity of biotite in the ground-mass, some of 
which is certainly primary. The rock contains numerous round white spots, 
giving it an amygdaloidal appearance. In the centre of the dike is a strip 
six inches wide which is clearly marked off from the rest, runs the whole 
length of the dike, and gives the impression of a second dike cutting the first. 
The rock is of the same character, however, though the white spots are less 
abundant than in the main dike. Under the microscope these white 
spheroids are seen to be formed of a colorless, isotropic mineral, which by 
means of a gypsum plate, is seen to be optically anomalous, in that it shows 
faint double refraction. The mineral seems to be analcite. Some of the 
spheroids contain also calcite crystals. Inclusions of biotite, apatite and 
hornblende, of rather large size, occur in the analcite. The spheroids are not 
sharply bounded, but grade into the rock. Considerable analcite is also 
present in the ground-mass of the reck.* ) 

Dike No. 19, from Crab island, is quite similar. It is made up of augite, 
biotite and magnetite, with glassy base, but it lacks the analcite spheroids, and 
instead is amygdaloidal, the cavities being filled with calcite and zeolites 
other than analcite. It has numerous and large porphy ritic augites. 


* Since the above was tramemnitted for pelnaiaien) the eiiais published cS TERS L. Vv. piees “On the Monchiquite or 
Analcite Group of Igneous Rocks” has appeared (Journal of Geology, Vol IV., p. 679). Pirsson shows the presence of analcite 
to be a feature of these rocks. The analcite in Dike No. 4 seems to be primary. 
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Series VI. The widespread sand deposits of the Saranac, form here, as 
in Schuyler Falls, the most conspicuous feature of the Pleistocene deposits. 
Away from the river in the northwestern part of the town, heavy morainic 
deposits come in above the level of the sand plain. 


Beekmantown. 


Series I to III. The only Pre-Cambrian outcrop in Beekmantown is 
found on Rand’s hill, a wide northeast and southwest ridge running from 
western Beekmantown into southern Altona. On the east and south, a heavy 
mantle of drift covers the flanks of the hill, concealing the extent of the rocks 
in those directions. The ridge is made up, for the most part, of anorthosite 
which is flanked on both sides by gneiss. On the east is a microperthitic 
eneiss of brown color, which contains both green monoclinic pyroxene and 
hornblende. On the west the only gneisses shown are basic, very schistose 
hornblende gneisses, both with and without pyroxene. 

The main interest attaching to the anorthosite here is due, in the first 
place, to its distance from the main body of that rock; and, in the second 
place, from the information it gives regarding the character of the surface on 
which the Potsdam was deposited. At the present time the hill is entirely 
surrounded by Potsdam, with the possible exception of a strip half a mile 
wide. The summit has an elevation of 1,500 feet, while the Potsdam on the 
west side runs up to 1,400 feet, and we are certainly justified in assuming 
that at one time the whole hill must have been covered by the sandstone, 
quite probably to a considerable depth. 

The exposures of the anorthosite in Beekmantown are by no means 
as good as in Altona, and the rock will be described in the report on that 
township. ‘Those in Beekmantown are of quite typical anorthosite, but the 
rock is not fresh. 

Sertes IV. Potsdam sandstone. The only outcrops of this rock seen 
in the township are along the road over Rand hill, and closely adjoin the 
anorthosite on the west. The exposures are tolerably frequent, but very 
poor and the only rock seen is of the red, feldspathic, easily disintegrating 
variety. Except for a gap one-half mile wide, occupied by hornblende 
gneisses, the Potsdam exposures are practically continuous along the west 
side of the anorthosites, and the road is reddened throughout the larger 
part of its length, by the degraded rock. “No conglomerates were seen. 

East of Rand hill, the very heavy drift-covering completely hides all 
rock from view till the Calciferous exposures in the central part of the town 
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are reached. To the south, too, everything is concealed. Much of this 
covered territory must be occupied by the Potsdam. 

Calciferous sandrock. This formation is better shown as a whole in 
Beekmantown than anywhere else in the county. In the central portion of 
the town, within a radius of two miles from Beekmantown Corners, are many 
exposures, the aggregate thickness of which must be very great. One mile 
north of Beekmantown station, is the fossiliferous locality which has been 
described by Professor Whitfield,* where beautiful Ophiletas may be obtained 
in abundance. The other exposures are of very sandy grey dolomites, some- 
times passing into nearly pure white sandstone. All the Calciferous here 
seems to belong to Divisions C and D, of Brainard and Seely.+ 

Southward from Beekmantown village, a well marked ridge of Calcif. 


erous dolomites runs southward, and is continuous with the Calciferous 
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that hes west of the Beekmantown fault in Plattsburgh. The best exposures 
are at the Poor-house. The fault passes into this township, but its course 
has not been definitely traced. 

Exposures along the Lake. Cumberland Head Series. The black slaty 
limestones of this series extend into the township from Plattsburgh, and are 
exposed along the shore of Treadwell bay and thence westward for a mile. 
The exposures form a series of narrow, sharp ridges, the topography resulting 
rather from the slaty cleavage than from the dip of the rocks. The fossils 
are the same as on Cumberland head. 

On the shore at Long point and to the northward, are similar rocks 
They have so far furnished no fossils, and require further study, but are 
classed with the preceding 
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* Bulletin American Museum Natural History, Vol. ATT. vpid: 
+ Bulletin American Musenm Natural History, Vol. 1I., p. 48. 
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topographic similarity. They lie well to the eastward of the Treadwell bay 
exposures, as though shifted by a fault. If that be not the case, they are at 
a higher horizon. 

Rocks of Uneertain Age. Closely adjoining these Cumberland head 
slates on the west, are hard, grey dolomites, which form occasional knolls 
protruding above the general surface. In one of the exposures, limestone 
bands occur, which are’ full of fossil fragments, and similar to the bands 
described from the upper Calciferous in Peru, just north of Valcour. These 
rocks would be unhesitatingly classed as Calciferous, were it not for their 
position. It seems certain that they must belong to that group, and they are 
so represented on the map. Yet they are separated from the main exposures 
of the Calciferous in central Beekmantown by a wide valley in which no 
exposures occur, while the topography gives no indication of a fault between 
them and rocks close at hand on the east, which lie at least 1,500, and 
probably 2,000 or more feet higher in the section. This may be the line of 
the Beekmantown fault. It is at least certain that throughout this territory 
the entire Chazy is faulted out. 

Along the lake shore, from the extreme end of Point au Roches, south- 
ward to the lighthouse, are pretty continuous exposures of blue and black 
limestones, at times somewhat slaty, but ordinarily massive. They are very 
barren of fossils, holding ZLeperditia in some layers but little else, so far as 
found. The top layer at the Point is charged with marcasite and contains 
Leperditia and a Holopea-like gasteropod, abundantly. The section has con- 
siderable thickness; just how much, remains to be determined, but one hundred 
feet is a very modest estimate. The writer is unable at present to indicate 
the precise stratigraphic position of these rocks. Mr. Van Ingen writes that 
the Leperditia layer at the Point recalls the basal bed of the Black River lime- 
stone on Button Bay island, and is disposed to correlate it with that, and to 
regard all the rest as of Chazy age. While this is quite probably the proper 
interpretation, the entire lack (or apparent lack) of the fossils which elsewhere 
in the county abound in most of the upper Chazy, is an objection to it. The 
rock closely resembles some beds found in the upper Chazy, but they 
nowhere exhibit anything like the thickness shown here. It is therefore 
thought that we may here have beds of Trenton age not met with elsewhere 
in the county, occupying a position either just above, or just below the 
Cumberland head series, and they are provisionally indicated as such on the 
map. If they are of Chazy age there must be a considerable fault between 


them and the Trenton slaty limestones north of Long point. 
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Such indecisive results are presented very apologetically. The scarcity 
of fossils and the lack of time for work of the detailed character necessary are 
accountable therefor. 

Series V. The eight dikes found in Beekmantown, are all on Rand 
hill, cutting the Pre-Cambrian rocks. The proportion of bostonites is greater 
than usual, six of the dikes being of that type. These show well the very 
considerable variation which such rocks present. Dikes Nos. 28 and 29 
are of dense, hard red rock of aphanitic, stony look, almost entirely devoid of 
phenocrysts, and with very small content of ferro-magnesian silicates. Nos. 
27 and 107 have a peculiar schistose appearance in the hand specimen, as if 
they had been subjected to shear, but the appearance is entirely lost in the 
thin section, which appears quite normal. They contain a larger proportion 
of dark silicates than the first two. No. 27 has also abundant orthoclase 
phenocrysts of unusual purplish color, which is due to the filling of the 
cleavage cracks by hematite. 

Nos. 81 and 103 are nearly black rocks, likely to be taken for diabases 
in the field unless carefully inspected, but in the slide are quite like the 
others except for the presence of a much greater amount of hornblende and 
biotite. These occur mainly as inclusions in the orthoclase, and the trachytic 
structure is not well defined. 

Series VI. Rand hill is so heavily banked with glacial deposits on the 
east, south and west, that all rock is obscured by them for a distance of at 
least two miles in these directions, and commonly for more. The surface is 
everywhere strewn with loose irregular blocks of Potsdam sandstone. These 
accumulations may be morainic in origin, as suggested by Mr. Baldwin,* but 
no opportunity was afforded for closely investigating them. 


Altona. 


Series I, Gneiss of the ordinary microperthitic variety is exposed on 
the eastern side of Rand hill. Its contact with the anorthosite is shown 
along the turnpike (old military road) and exhibits a transition zone, a few 
feet im width, of a rock of intermediate mineralogic constitution, This 
transition rock has cataclastic structure and shows a dike-like dark band 
which proves to be a sheared strip, consisting of a finely granular aggregate 
of quartz, microperthitic orthoclase, augite, garnet, and a little plagioclase. 
The garnet is certainly secondary, and much of the rock has undergone 
recrystallization. 


* American Geologist, Vol. XIII, p. 181. 
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The north end of the Dannemora mountain gneissic ridge projects into, 
the southwestern part of the township, the rock being the pyroxenic gneiss 
usual on that ridge. 

Series III. Anorthosite forms the main part of Rand hill here, as in 
Beekmantown. Excellent exposures may be seen along the turnpike and 
thence southward up the hill. The surface rock is fresher than in Beekman- 
town, probably due to the more energetic action of the ice-sheet on the 
northern slopes of the hill. 

As here shown, the rock is less completely granulated than the Keeseville 


rock, in much of which no large fragments remain. Here none of it has 


Sox 


Potsdam. Pleisto cere . 


undergone complete granulation and much of it is quite coarse, so that 
the large labradorites, instead of the granular portions, give the main color to 
the rock. 

Garnet is very abundant, much more so than in the Keeseville rock, 
so that frequently the granular matrix which surrounds the labradorite 
individuals has a very pronounced dark red tinge. Some portions of the 
rock consist entirely of garnet and labradorite. Generally, however, augite 


and magnetite are also present and hornblende is common. Hypersthene has 
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not been observed here, nor in any of the anorthosite in the county. As was 
to be expected from the less complete granulation, but little of the rock is 
foliated, the basic minerals occurring in clumps rather than in streaks. 

A short distance up the hill from the turnpike, a well foliated gabbro 
outcrops. Owing to the tangle of brush and the thin soil covering, its extent 
could not be determined, but it is not great.’ It is less basic than the ophitic 
gabbros, and lacks that structure; neither have the uncrushed labradorites 
the abundant inclusions which characterize those of the ophitic gabbro. 
Besides the labradorite the rock contains much garnet and magnetite, consid- 
erable apatite, and what was probably augite now wholly passed into chlorite. 
Granulation is not complete. The labradorite crystals which have partially 
escaped this process, show beautiful polysynthetic twinning, and exhibit most 
notably effects of the dynamic action other than the granulation. Not 
only are they broken and the fragments displaced, but nearly all are bent, . 
the bending being most clearly brought out by means of the oft-repeated 


twinning, as shown in the accompanying figure drawn with the camera lucida. 


Broken and bent labradorite crystal from gabbro on Rand hill, Altona. The surrounding granular 
material is almost wholly labradorite. 


Series IV. With the exception of the small areas just noted, the Pots- 
dam sandstone is the surface rock throughout the township. Moreover, here 
is by far the most impressive display of this rock to be seen in the county, 
if not in the state. Extending north from Rand hill is a plateau of nearly 
horizontal Potsdam sandstone, running up to heights of 1,100, 1,200, and 
even 1,500 feet, and stretching away northward with an average fall in level 
of from seventy-five to one hundred feet per mile. For the most part it is 
very bare of debris, and on the steeper slopes the naked ledges of stone rise 
in a series of gigantic steps, as if they had been swept bare of debris 
by powerful currents. The district goes under the name of the “Flat 
rocks.” It is rather deeply incised by the Great Chazy river but otherwise 
is not deeply dissected by erosion, appearing as a base level of tolerably 
recent elevation. Rand hill is a monadnock rising above this level. 
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It is very difficult to get any trustworthy conception of the thickness of 
the Potsdam as here exposed. The rock lies in a series of slight north and 
south folds, with such a slight dip, that it is no easy matter to determine the 
amount of pitch. The pitch is quite certainly to the north, and somewhat 
in excess of the fall of the surface in the same direction. The floor on which 
the rock was laid down also falls to the north, and at a greater rate than the 
dip of the rock. 

Heavy basal conglomerates, such as those in Ellenburgh, make but little 
show in Altona, very possibly because of the lack of exposures in the vicinity 
of the crystallines, though this can not be the whole reason. Several outcrops 
of small extent, but occurring within a few yards of anorthosite or gneiss, are 
found on Rand hill, and are all of red, feldspathic, easily degraded type, with 
no sign of conglomerates. Away from the crystallines the rock presents its 
usual variations in color, size of grain, and degree of induration. 

Series V. ‘The most impressive display of dikes to be seen in the county 
is exhibited along the turnpike where it passes over the northeastern edge of 
Rand hill. The anorthosite here is seamed with dikes, some of which are 
very large and complex, branching repeatedly and covering considerable 
territory. These vary so much from place to place that measurements five 
yards apart would give wholly different results, but the complexity is well 
illustrated by the following careful measurement of a portion of Dike No. 8, 
made along the surface in a north and south direction. Commencing at the 
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The sub-divisions of this dike bear in all directions, re-uniting and 
forking again, so that several of the anorthosite members of the section 
represent enormous horses in the diabase. 

Fourteen dikes have been found here within an area of less than a square 
mile, and if all the branches were counted separately this number would be 
trebled. The heavy second-growth on Rand hill undoubtedly conceals many 
more. The only two of these dikes that call for any especial mention are the 
two bostonites.* No. 7 is of the red, aphanitic type, with numerous small 
porphyritic orthoclases showing. It contains a little magnetite and chlorite, 
and the flow structure of the ground-mass is well marked. No. 9 represents 
the other extreme of these rocks. It is coarser, the whole appearing holo- 
crystalline to the eye. It is much darker in shade, due to a large biotite con- 
tent. Both orthoclase and biotite occur in two generations, the orthoclase 
phenoerysts reaching a length of over one centimeter. The ground-mass is 
quite coarse, and contains apatite and augite in addition to the orthoclase 
and biotite. Quartz has not been recognized ; if present it is only sparingly 
so. This is the only dike of this type so far noted in the region which has 
phenocrysts of a ferro-magnesian mineral, and the great abundance of the 


biotite in this dike is quite unusual. 


Chazy. 


No Pre-Cambrian rocks appear in Chazy township. 

Series IV. Potsdam sandstone. The Potsdam occupies the north- 
western half of the township. That on the extreme west belongs to the high 
plain and pertains to the basal part of the formation. That on the low 
grounds, on the contrary, is toward the summit, the passage beds to the Cal- 
ciferous appearing just over the border in Champlain township. <A great 
fault separates the high level from the lower Potsdam, and another great 
fault lies between the Potsdam and the Ordovician limestones to the east of 
it. Most of the rock is of the ordinary character, and calls for no comment. 
A curious black layer, several feet thick, is exposed in a railroad cut just north 
of Chazy depot. While mainly a quartz rock, occasional grains of orthoclase, 
microcline, plagioclase, hornblende and magnetite occur, and large zircon 
grains are a feature. The quartz is full of minute black inclusions, and 
there is also a black cement of uncertain nature to which the color of the 
rock is due. 


* Trachytes would be a better term as that is what the rock is, and no useful purpose is served by the use of the jee so far 
as the writer can see. It is used here merely to make the nomenclature conform to that already in use in the region, 
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Calciferous sandrock. This formation; which is so widespread in Beek- 
mantown, just to the south, makes but little display in Chazy, appearing only 
in the extreme south, where the upper beds are shown, soon to be followed 
toward the north by the Chazy. The exposures are poor and possess little 
interest. 

Chazy limestone. Were is the type locality of the Chazy, and nearly the 


whole of the formation is exceedingly well shown. In the near vicinity of 
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Chazy. Trenton. 


Chazy village it has been carefully sectioned and mapped by Brainard and. 


Seely. For convenience of reference their section is here reproduced.” 


MEASUREMENTS AT CIAZY IN ASCENDING ORDER. 
Group A. 
1. Iron-grey, fine grained dolomitic limestone, in beds one or two 
feet in thickness, weathering drab with fine yellowish streaks at 
right angles to plane of bedding, contaming Orthis costalis and 
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* American Geologist, November, 1888, p. 324. 


bo 


or 


CO 


68 Report or THE Stare GEOLOGIST. 


Tolerably fine limestone, filled with fragments of crinoids, con- 

taining Orthis and Strophomena, . . . . . . . . . « «2086 
Measures concealed, . . . . 40 “ 
Impure limestone, filled at potter ae os this, hii beddet hea 

long exposed to weather, the upper six feet abounding in 

crinoidal fragmenta 26 iF Re een hoe 8 6 
Fine-grained, massive limestone containing Scalites angulatus, 


vaphistoma and fragments of trilobites, abs 
Impure limestone abounding in Orthis, LOes 
Measures concealed, PAV ale 
Massive grey limestone, largely made up of crinoidal remains, 
having red spots in a stratum about ten feet from the top; 
abounding with gasteropods near the middle,. . ... . . . 50 
3 LOchR 
Group B. 
Thick-bedded, nodular, dark-colored limestone, containing 
Machur ea magna ho os ee et as ie os 
Massive, pure limestone, grey, fine-grained, often odlitic, abounding 
in crinoidal remains and Stenopora fibrosa,. . . ..... 20% 
Massive, bluish-black, tolerably pure, nodular — limestone, 
containing Maclurea magna and masses of black chert, . . . 45 “ 
Similar to No. 8, but containing in addition to Maclurea, various 
species of Orthoceras and large masses of Stromatocerium, . . 90 “ 
Less massive limestones, quite impure, and often disintegrating 
into nodulés ‘as though) shaly,. 0" seeger 2.) 2/0 - 4 en) Oe 
265 ft 
Group C. 
. Dark, iron-grey dolomite, weathering yellowish,. . . . . . 1 ft. 
Blue, compact, fine-grained, pure limestone, containing fine lines 
of -calettes” 4°: Baan men erste Rd ee Guts 
Dove-colored, compact, brittle, perfectly pure limestone, contain- 
ing small nodules:of calorie: fame eee eee ei a ee By. fs 
Iron-grey dolomite, <i:5 Pit en, ere bir ie 34° 
Like No. 8, only containing larger calcite nodules,. 2... 43“ 
. Dark-grey, fine grained, compact limestone, somewhat impure, 
having a mottled aspect when weathered, containing undeter- 
mined species of Murchisonia and Orthoceras, , : east 
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8. Blackish, impure limestone, abounding in Rhynchonella ila . 38634 
9. Grey, massive, coarsely granular limestone, mostly made up of 


crinoidal fragments, which are sometimes red, containing 
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In the southern part of the township the lower division of the Chazy is 
widely exposed, especially toward the west, but it is much disturbed there, 
and no section has been seen as good as that quoted. Running due south 
from Chazy village, and lying just to the east of the territory included in 
their map, is a long section of slight dip, extending unbroken from the Calcif. 
erous up into the basal Trenton, though much of the upper and lower 
divisions of the Chazy are not well exposed. It is the only section in the 
county, except the one on Valcour Island, which shows the entire Chazy, 
but it is not well adapted for a determination of the thickness on account of 
the slight dip. 

Some layers of the Chazy were formerly quarried in the township for 
building stone, but the industry has lapsed, probably because of the better 
quality of stone obtainable from Isle la Motte. 

Black River limestone. Nowhere else in the county has this rock been 
found well exposed, but it is admirably shown around Chazy village, and is 
quarried and burned for lime on a large scale. It is a compact, ringing, 
massive black limestone, much of it with conchoidal fracture, and has a thick- 
ness of thirty feet. It is quite fossiliferous in some layers. A bed twenty 
feet from the base contains a large Muclurea and masses of Stromatocerium, 
much like the Chazy forms, so that when this layer alone is exposed, it is no 
easy matter to distinguish the two. Colwmnaria is confined to one or two 
layers just beneath the Maclwrea bed. Beneath the beds are rather barren, 
but hold Asaphus gigas and lamellibranchs identical with Trenton forms. 
At the base is a Leperditia layer, and the whole rests on a massive, brittle, 


dove-colored limestone, with conchoidal fracture, which forms the summit of 
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the Chazy, and is missing from Brainard and Seely’s section. The rock is 
very like No. 3 of Division C, of that section. 

Trenton limestone. North and east from Chazy village, the lower portion 
of the Trenton is found exposed, a thickness of about 150 feet being shown. 
The best section is that in the Little Chazy river, just east of the village, 
where the dip is high, so that within a short interval, a considerable thickness 
of the rock is exposed. Alternating beds of black, rather slaty limestone, 
and more crystalline beds of lighter color, which are full of brachiopods, 
make up the section. They are in all respects similar to the lower beds on 
Crab island and in Plattsburgh, but here in Chazy is the only locality found 
in the county where the Black river and Chazy limestones may be seen in 
place below them. 

Faults, Owing to the better and more frequent exposures, the faults 
which have dislocated the Palaeozoic rocks are more readily worked out in 
detail in Chazy than elsewhere in the county. They have already been 
discussed by the writer, in so far as the stage of the work would permit.* 
The past season’s work in company with Messrs. Van Ingen and White 
corrected inaccuracies in two instances, and later on some other errors were 
found, 

The most conspicuous and important break shown in the vicinity, is the 
great fault running across the township from southwest to northeast, and on 
into Champlain township. It will be called the Tracy brook fault, as the 
entire course of that stream lies along the fault line. Along its course 
through Chazy the entire Calciferous is blotted out, the various members of 
the Chazy and even of the Black river being brought down against the 
Potsdam. The entire throw is not far from 2,000 feet. 

The downthrow block on the east of this fault is much shattered, and 
consists of a series of small blocks caused by cross faults. The dip is steep, 
ten degrees or more, and the amount of throw is ordinarily to be determined 
with ease by the surface shift of the Black river limestone, which forms the 
most convenient horizon for this purpose. Seven of these cross faults have 
been identified in a distance of three miles, and doubtless others will be dis- 
closed, as detailed mapping is extended southward. This shattered zone is 
terminated eastward by another fault, which closely follows the course of the 
Little Chazy river, and may therefore be called the Little Chazy fault. But 
to the north and south it passes into drift-covered territory, beyond which 
it can not be traced. East of this fault is the long continuous section 


* Bulletin Geological Society of America, Vol. VIL, pp. 285-296. 
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of the entire Chazy, followed by the Black river and Trenton, which 
has already been noted. The structure is that of a low anticlinal with 
northerly pitch. 

Still farther east, the Chazy beds are cut off abruptly by an apparent 
fault at right angles to the strike. No rock shows to the eastward but there 
is an abrupt fall in altitude of from sixty to eighty feet. This probably 
represents the northward prolongation of the Beekmantown fault, but has not 
yet been demonstrated as its equivalent. 

Series V. No dikes have been found in the township. 

Series VI. Besides the long esker already mentioned, nothing worthy 
of special description has been noted. The Champlain clays are found 


everywhere except on the extreme west. 


Champlain. 


No pre-Cambrian rocks occur in Champlain. 

Series IV. Potsdam sandstone. The Potsdam extends into Champlain 
from Chazy along the. west side of the Tracy brook fault. It 1s exposed 
quite continuously along the fault line as far as Cooperville. From that 
point northward, dolomites appear interstratified with the sandstone, marking 
the passage beds to the Calciferous, and followed by the heavy grey dolo- 
mites of the Calciferous itself about a mile north of Cooperville. These 
continue to the Canada line, the whole with shght northerly dip. 

This strip of Potsdam and Calciferous along the west side of the Tracy 
brook fault, has a width of from two to three miles, and is adjoined on the 
west by territory in which nothing but Potsdam is found clear to, the Canada 
line, the dip being slightly to the north, as before. Not even the passage 
beds are seen on the west. There is clearly a fault ‘here running the full 
length of the township in a nearly north and south direction, and throwing to 
the east. The amount of throw is purely conjectural as the horizon in the 
Potsdam on the west side is not known, but it has an undoubted minimum 
value of 250 to 300 feet. The name “Champlain fault,” is suggested for it. 
Continued to the south into Chazy with the same trend, it would connect 
with the Tracy brook fault near Chazy village, the junction of the two 
furnishing an adequate explanation for the prominent ridge of Potsdam with 
abnormal dips which lies west of the Tracy brook fault north of Chazy 
village. 

Oalciferous sandrock. The Calciferous exposures in Champlain are 
limited to the zone between the Champlain and Tracy brook faults. As these 
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Preliminary Report on the Geology of Essex County. 


By J. F. Kempe. 


(Continued from the Report of the State Geologist for the Year 1893, pp. 433-472.) 


The field work for the accompanying report was done in September, 
1894, and September, 1895. In the former month a trip was made from Port 
Henry across North Hudson and Newcomb townships and into the old iron 
mining settlement at lake Sandford at the expense of the Geological Depart- 
ment of Columbia University. In September, 1895, the field expenses were 
borne by the State. Almost indispensable aid has been afforded by the 
topographic maps of the United States Geological Survey, so far as prepared 
or available, but the western townships have not yet been mapped in this 
way, or at least have been drawn only along their eastern borders, and the 
lack of an accurate location of water courses and boundaries has been felt in 
these districts. Acknowledgments are due to. Mr. Herbert M. Wilson, of that 
Survey, for his courteous and prompt supply of advance sheets. 

The same series of signs and the same provisional nomenclature that was 
used in my former report has been continued in this one, and to those intro- 
ductory pages, 444-451, reference may be made for their full elucidation. 
For the sake of clearness, however, a brief outline of the several divisions 
is here repeated. The additional observations have corroborated these previ- 
ously published generalities, but it is doubtful if a sharp stratigraphic 
distinction can be drawn between Series I and II. It seems increasingly 
probable that the crystalline limestones may prove to be but phases, perhaps 
several times repeated of Series I, but they are lithologically distinct and 
peculiar. They are noticeably more abundant to the south and southwest. 
In this connection results to be obtained in mapping Warren county are to 
be awaited with interest. 

Series I. Gneisses usually with both orthoclase and quartz. Varieties 
with hornblende, biotite, pyroxene, and with almost no dark silicate, are met. 
Plagioclase is usually present and may be the only feldspar. The exposures 
vary in color from very light grey, almost white, to dark grey or even to red. 


The lamination may be conspicuous or may almost fail. 
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Series IT. Crystalline limestones, ophicalcites, black hornblendic- 
pyroxenic schists and thinly laminated garnetiferous gneisses. 

Series ITT, Rocks of the gabbro family, ranging from aggregates of 
pure labradorite through varieties with increasing amounts of dark silicates 
to basic olivine-gabbro. The varieties rich in feldspar are called anorthosites, 
following the Canadian practice. They shade from perfectly massive varie- 
ties into others strongly gneissoid. 

Series IV. Palaeozoic sediments, viz., sandstone, limestone and _ shale, 
of which the Potsdam of the Cambrian is the oldest and the Utica shale of 
the lower Silurian is the latest. 

Series V. Trap dikes and porphyries. 

Series VI. The glacial and post-glacial gravels, sands and clays. 

In the subsequent descriptions a topographic sketch is first given of the 
town, and then the several series are taken up in the above order. The iron 
ores or other economic products conclude the local notes. The townships are 
described in general from north to south, as follows: 


Chesterfield (revised), page 580 Scuroon, =. . . .. pageed 
Jaye May ee eae wot Ticonderoga (revised), “ 600 
Wilmington, . . . ETA SO MIBET VAS 5. « 600 


StArmand! so ere. Pe iyete: Newcomb,. . . . “604 
North Hudson, . . COO 


Chesterfield. 


In my previous report, a map and description of Chesterfield were given 
on page 463. The map was based on the county atlas, as the Willsboro sheet 
of the United States Geological Survey had not at that time appeared. I was 
misled into thinking that the western line of the town lay just beyond the 
valley in which is Trout pond, but the new maps, especially the Ausable 
sheet of the United States Geological Survey, and field work along the border 
from Jay, have shown that another valley and brook lie in the interval and 
that the gneisses extend across this western boundary, as far to the east as 
Clintonville, embracing on the south the little crystalline limestone area, and 
projecting into Jay. 

The rocks on the south are puzzling gneissoid types, but after a trip 
across the southwestern corner of Chesterfield to Bluff mountain, in Lewis 
township, and observations on the trend of the rz nges, I am led to redraw 
Chesterfield as in the accompanying newer copy herewith submitted This 
also has the drainage correctly drawn and in much greater detail. 
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The western border of Chesterfield is a very wild, rough and mountainous 
district, and needs more detailed study to make the delineations of the for- 
mations of other than a general character. 

Series I. On entering Chesterfield from Jay, the area of rich quartzose, 
feldspathic gneiss that is extensively developed in the northwestern part of 
the latter town, runs across the border. I went up over Bald mountain, and 
collected specimens 11 and 12. In thin section they exhibit quartz and 
microperthitic feldspar, with the dark silicates in No. 12 only represented by 
decomposition products. The quartz is especially rich and is rolled out in 
lenticular masses. 

On the north side of Bald mountain. is the wild gulch called the “Gulf,” 
and south, still further, and on the east side of Black mountain, is another 
ravine scarcely inferior. Plumbago prospects are reported in the “Gulf,” 
from which I saw samples that would suggest the probable presence of 
crystalline limestones as well; but from pressure of time and the necessity of 
traversing the southern side of the county to get the broader geologic 
features of that section recorded, I was unable to fully explore the region. 

The gneiss extends south from Chesterfield into Lewis township, and at 
No. 42 (of the Jay map) appears in the high, rough ridge of Bluff mountain, 
and at No. 43 in the outlying spur of Jay mountain on the south. Both of 
these specimens, in thin section, show much quartz, with which, in No. 42, is 
strongly microperthitic untwinned feldspar, and a few shreds of nearly 
opaque hornblende. In No. 48, quartz is in excess. With it occurs much 
augite, some scapolite, and almost no plagioclase. Regarding the other series 


of rocks, no new facts have been noted. 


Jay. 


Jay is a very irregularly shaped township, as the map indicates. Its 
greatest length is about thirteen miles from north to south, and except in the 
narrow extension into the wild mountainous country in the southeast, it 
averages about six miles from east to west. The greater part of it lies in a 
valley along the east branch of the Ausable river. The valley is open and 
broad on the north, where the surrounding hills are two to three miles apart, 
but on the south they close in decidedly and, at the line with Keene, the valley 
is narrow. The altitude of the river varies from 550 feet A. T., at Ausable 
Forks to about 700 at the Keene line. Except along the main stream of the 
Ausable river on the northeast, the border line with Chesterfield is a very 
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wild and mountainous strip; Bald mountain is 2,189 feet A. 'T., but less than 
a mile south of its summit the Gulf runs east and west like a gash, and at less 
than 1,000 feet above sea level. The northerly spur of Black mountain, at a 
short distance from the south side of the Gulf, is 2,100 feet. Without careful 
study I regard this as one of the faulted valleys to which reference was made 
in my former report, p. 439. The main summit of Black mountain is 2,160 feet. 
It is separated by another wild gorge from an unnamed peak southwest of it 
that attains at its summit 2,632 feet of altitude. Still further south is Jay 
mountain, 3,287 feet in the town itself, and 3,601 feet just across the line in 
Lewis township. At the extreme south the northerly spurs of Hurricane 
mountain reach an altitude of over 3,500 feet. About three miles southeast 
of Ausable Forks, a knob-like hill called Haystack rises to an altitude of 
1,338 feet. From the west its outline well justifies its name.» The western 
town line runs along near the summits of several rather large hills of 
anorthosite which are separated by cross valleys. The northerly one, Clark 
mountain, is 1,577 feet, the next one south called Hamlin mountain, is 2,122 
feet, then follows Bassett at about 1,900 feet, and Ebenezer at about 2,000 feet. 
Southwest of the town is the huge mass of the Sentinel range, and just iside 
the southern line of the main portion of the town is Clements mountain, 2,540 
feet. On the western side of the southern extension, the contours on the 
slopes of Big Crow mountain range from 2,000 to 3,300 feet. It is evident 
from this outline that the easily accessible portions of the valley quickly rise 
to the decidedly elevated and wild ranges of mountains, on the east and west, 
which are from 1,500 to 3,000 feet above it. In scenic attractions the valley 
is one of the loveliest in the mountains. , 

Series I, The gneisses constitute the northeastern corner for three 
miles or more south of the Ausable river. ‘Their strike as shown on the map 
is variable, being north and south, northwest, northeast and even east and 
west when corrected for magnetic variation. On the east, the rock is a very 
coarsely laminated variety with very abundant lenticular masses of quartz up 
to two or three inches long, that le between corresponding lenses of red 
feldspar. 

In thin section the feldspar proves to be microperthitic orthoclase, 
or microcline in largest part. Dark silicates are subordinate, with hornblende 
the commonest one present, but biotite is also often seen. Nos. 5, 6, 9, 10, 11, 
12 and 18 are of this character. Just across the bridge over the East Branch 
at Ausable Forks, a dark green gneiss outcrops in the bank at Nos. 1 and 2, 


It looks much like the rocks of Series III, but in thin section it is seen to 


ose 
pte te 


GLACIAL 
GRAVELS ETC. 


< 
¥ 
i 
> 


LOWER SILURIAN 


KEE \ 
SENSE 2 


KS 


ad 


S LEE Eee 


Gt 
\\ 


CAMBRIAN 


‘ 


XXX 


POTSDAM SAND 


SCALE OR IMPeeEs 


Bes Pi 
4 


ORKS 


{ee 


b>) 


a 


Ory 


a8 


PLATE Id 
GABBRO 


—= 


oN 
Ni 


2 
GEOLOGIC MAP OF JAY TOWNSHIP. 


ANORTHOSITE 


XS 
SRK ‘) jf ‘ 
RY 
RRS 


(XY 


= es x K 
MEI SS RII NE Dons 
a = Fe IY Sie PO CEE ON saan 
= “ eh ae Pte mK 0 RE is cca le ORIN 
: LS Sr ne is Ran we, a ‘ 
a, x SOR Oa ONG de Ry ose ety AEAK 
: ; =a -0. tae Oe XXX Mes YX‘ LOY » MIRO?) x 
RENN y ia SON ‘ 
ae MA. XZ 
y, 


a Koco 
Wee SANA UXARRK MH 7 Roan ye 
scene RRR Annan ms oA 
BLOX aN EKG ANNO 
OOK ORAM LMA SrA 
XXX (XK) WK) "y 
PRR RAR * x PON RNY BARRIS 
o4 , OM) PIXEL K YS Y 
AXE Wy a OXY ys SKYY mae 
x PANINI ORAS LIRA SANKAR 
RR CNC atic Manes IR . REQ 
a PANN Maee a ANN a Neary 
RRR PIR EL SYR CORK) 
OKIE De Seana Re RA 
Lo KRY é BLESS KYM 
Ne RIOR ee LIBRE IR KKH 
FEE ERIK RUAN. VK x 
BN RAY Hie SY SUN ys KY 
Bee oe SOKA bs / eel KAR 
HON MMe Gt EARS 


ae 
rt si WY 
a XBOX AXING OO) 


‘ 
g SOBER 
LNNN OE fey Ses G 
as Wx ZA DPS 
RE rn SK) 


we, 


LIMESTONE 
AND BLACK SCHISTS 


Se 
/CRYSTALLINE 


KX 
ae 46) 
() 
AY “ Oe Oey 


“ RX KY 
‘ MX XX) 
‘fe gs SOHN) ‘ RUN Oey 
YALL yy Zi 8 SEW ey 


0 
ie ) KE 
(xa X ‘9, 
: SR ERIK 
VAM 2 OF cc 


xX 


GABBRO 


GNEISS 


S 
(eo) 
2) 
wy 
sn 
va 
oO 
j 


ITWONT AGMA. g 


Meat eR, 


AIA, AaWwO 


VABAMAD - 


AMOTeS 
eTaiHa2 8 


‘ 


> 


341M ‘30 


co 
‘ 


MI 
J 


aisAde 


ya" 
onder 


ogee 


*& 


’ 


eee 


tilt se 


* 


Pails 


‘ULHEAWOYT TAC TO dam vioouoag. 


y 


Kemp—Gerotocy or Essex Counry. 5838 


consist of quartz, abundant microperthitic, untwinned feldspar, a few shreds 
of brown hornblende and green augite, and a little plagioclase. Nos. 1, 3 and 
8 are like No. 2. 

At the pulp mill, in the little suburb called Rome, there is a light grey 
gneiss, which the thin section proves to consist of quartz, microperthitic 
feldspar, microcline, plagioclase and emerald green pyroxene. 

Series II. The crystalline limestones and their associated gneisses are 
met near Upper Jay, and constitute the northerly continuation of the area 
mapped in the previous report in Keene. They are surrounded on all sides 
by the rocks of Series III. Hornblendic gneisses, beds of impure limestones 
charged with coccolite and inclusions of silicates and pegmatitic gneisses, 
range all along above Upper Jay, between the river and the next highway to 
the west. Several quarries have been opened, presumably for flux for the 
now abandoned bloomeries. East of Upper Jay, at Nos. 36 and 37, the rusty 
gneisses, familiar members of this series, are well developed. Mr. Richard 
Trumbull, of Ausable Forks, showed me samples of graphite that were 
reported to have been found in the “Gulf,” and it is probable from this that 
the rocks of Series II are represented there. 

Series III. The gabbros, anorthosites and gneisses believed to be 
derived from them, cover much the greater part of the town. The typical 
crushed anorthosites, with their bluish nuclei of labradorite in the white 
matrix are well developed. They appear in Clark mountain on the extreme 
northwest, at No. 17, and at Lower Jay the ledge over which the creek falls is 
a very typical example (No. 38). The same rocks appear at No. 19 and to 
the eastward at Nos. 89a and 389b. West of Jay, in the slopes of Hamlin 
mountain, the massive and uncrushed green variety appears. The great 
quarries at Keeseville have made this stone widely known as the “ Ausable 
granite.” The labradorite has an apple-green color, and enough pyroxenes are 
present to make it a gabbro or norite, as the case may be. Nos. 20, 21, 22 
and 23 are of this character. It is at times coarsely pegmatitic, so that large 
cleavage masses of hypersthene may be obtained. Pyrrhotite also appears, 
and has given rise to some expectations of nickel ore. The apple-green 
gabbro with some gneissoid foliation is well developed two and one-half miles 
due south of the Forks, at No. 14. Thin sections reveal labradorite, augite, 
brown hornblende and small garnets as its constituents. Strongly gneissoid 
varieties at No. 15, near by, contain hypersthene. No. 17, to the southeast 
of the last and over toward the “Gulf,” 1s strongly gneissoid, but contains 
labradorite, augite and garnet, the familiar mixture. At No. 39, anorthosite 
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and a basic garnetiferous, gneissoid rock (No. 40) were in the same ledge and 
not over one foot apart. No. 41 is a gneissoid variety again. On my return 
from this trip into the mountains my horse ran away and_ spilled these 
specimens all along the highway, so that I lost them and cannot give the 
mineralogy more accurately for this reason. At Nos. 55 and 56, gneissoid 
anorthosites again appear that show in thin section the familiar crushed 
feldspar, and in this case a little hornblende and diallage. Away down in 
the southeast, gneissoid norites appear, that contain labradorite, hypersthene, 
emerald-green augite, hornblende and garnets. <A little quartz also appears, 
and a tendency in the plagioclase to develop a microperthitic texture that 
resembles the rocks regarded as members of the typical gneisses. Inter- 
mediate varieties of this character are extremely difficult to satisfactorily 
place in stratigraphic relations, and lead one to concede great possibilities to 
metamorphism. The aspect of the rock, however, is clearly igneous and its 
relations are with Series III. Another extended stretch of gneissoid rocks is 
in the ridge on the east bank of the Branch above Upper Jay, and extending 
into Keene. Under the microscope, No. 35 exhibits brown hornblende, a 
little green pyroxene, more or less crushed labradorite and deep pink garnets. 
It is considered also to belong to Series III. 

Two exposures of dark basic gabbros have been met in or near the town. 
One, No. 4, in the northeast, was not over twenty-five feet thick, in quartzose 
gneisses on each side. It is a typical gabbro like the one near the Cheever 
mine, at Port Henry. The second exposure is in the town or near its line in 
Lewis township, on the southeast. In the thick woods above Sprucemill 
creek, appears a large exposure of dark green olivine gabbro, No. 59. The 
familiar reaction veins between the feldspar and the ferro-magnesian silicates 
are present. 

Series IV. The Palaeozoic sediments fail entirely in this town. The 
Potsdam sandstone to-day is not found much farther up the Ausable river 
than Keeseville, unless it is buried under the sands and gravels, but it is not 
improbable that it has had a more extended outcrop in earlier time. 

Series V. No diabase or other related dikes, except the gabbro described 
under Series III above, were met. 

Series VI, ‘The great deposits of sand and gravel that were mentioned 
in my previous report, page 464, and that are especially well developed along 
the Ausable river, cover a goodly portion of the northern part of Jay. 
Especially on the flanks of Clark mountain and in the neighboring parts of 


aaa : 
Wilmington they spread out as stretches of sand, covered by a second growth 
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of timber. Clay is found one mile and a half above Ausable Forks, on the 
East Branch, in a thick bed just west of the road. East and south of Hay- 
stack mountain, along the highway, are extended deposits of sand that remind 
one much more of the seashore than of the mountains. Now that the contour 
maps are available, these deserve careful study as illustrating the glacial and 
post-glacial history of the region. 

Glacial striae are not lacking and are marked in several places on the 
map by large arrows. The pilot charts of lake Champlain give the magnetic 
meridian as 11° 45’ W. of the true north. The striae have been corrected 
for this by making the true strike 12° east of the recorded magnetic. Near 
the Forks they run nearly east and west (N. 92° E.). At Lower Jay they 
are N. 52° E., and again two miles east, N. 52° EK. Southeast of Upper Jay, 
at No. 56, they are N. 12° E. The frequency of boulders of Potsdam sand- 
stone well up in the mountains and south of the outcrops of this formation 
leads one to infer that there was movement from north to south even against 
the present slope. All around the mountains these boulders have often 
attracted observation in elevated and interior positions. 

Concluding remarks. Much further detailed study is needed along the 
Jay-Chesterfield line in the stretch of mountains forming this wild and 
uninhabited strip. The writer appreciates that the delimitations of the for- 
mations given in-the map are based on scattered observations, which future 
study may more or less modify, but as a general expression of the results of 
a reconnaissance, they are presented because they throw some light on a little 


known region. 


Wilmington. 


Topography. The topography of Wilmington is closely parallel to that 
of Jay. A broad valley at the northern boundary with a general altitude of 
800 to. 1,000 feet above the sea, narrows toward the south or rather southwest 
to a mere gulch. Where, as in Jay, we have the East Branch of the Ausable 
river, in Wilmington we have the West Branch, a very similar though some. 
what smaller stream. In the eastern central portion there is also a marked 
side valley along a small tributary which, however, is closely parallel in 
direction with the main stream. The mountains that separate Wilmington on 
the east from Jay, viz, Clark, Hamlin, Bassett and Ebenezer have already 
been referred to under Jay. Between each pair there is a cross valley and 


road. The whole southern part of the town is occupied by the rugged and ‘ 
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wild mass of Sentinel mountain, whose extension forms a notable ridge to 
the south. The highest point is 3,858 feet, but there are two or three others 
that are nearly as high. 

The western part of the town is occupied by the noble peak of 
Whiteface mountain, whose isolated situation to the north of the other peaks 
of the first rank, makes it in many respects the most striking of all the 
Adirondacks. The view from its summit yields to that of no other in scope 
and grandeur. The summit is 4,872 feet above tide, so that Whiteface is, 
according to the maps of the United States Geological Survey the fifth in 
altitude of the Adirondacks. Marey, 5,344 feet; McIntyre, 5,112 feet; Sky- 
light, 4,920 feet, and Haystack, 4,918 feet, surpass it; Dix, 4,842 feet, Basin, 
4,825 feet, and Gothic, 4,738 feet, follow in order; but after Marcy and 
McIntyre all the next five have insignificant differences. Whiteface was 
thought, for many years in the early part of this century, to be the highest of 
all. To the southwest it drops off abruptly to lake Placid, but to the north- 
east it is prolonged in a high ridge called Wilmington mountain, that reaches 
3,500 feet. There is one pass at an altitude of 2,300 feet with a road running 
through it from Wilmington to Franklin Falls. The drainage from the 
western side of the range flows into the Saranac river. 

Series [and //, with my interpretation of the gneissoid rocks, are lacking 
in the town, but I appreciate that the northerly extension of the Wilmington 
range may be, perhaps, with fuller study, in part, at least, classed as such. 
Professor Cushing has considered the extension over the town line as 
belonging to the gneisses. The mineralogy of the rocks gathered by me is 
given under the next topic. Series Il may reach a short distance across the 
line on the southeast. 

Series ITI. All along the easterly portion the rocks are green anortho- 
sites or gabbro, No. 20 is a coarse pegmatite with pyrrhotite, and forms a 
limited occurrence in the other massive rocks. At No. 24 the usual anortho- 
site crops out, showing the familiar crushed structure. At No. 27 the rock 
becomes more basic and like the gabbros and at No. 28 a granulitic phase was 
met, much the same as those described in my former report, page 469, from 
the Weston iron mines near Keene. The mass of Sentinel mountain has only 
been traversed by me around its base on the northerly extension. In Keene, 
however, we have crossed it finding anorthosite all the way. On the 
northwest side too we have studied its foot along the West Branch. Though 
often gneissoid, it uniformly exhibits, so far as seen, the minerals of the 
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The ridge of Wilmington mountain in the northerly portion has been 
traversed at No. 48b. The rock is gneissoid with the usual minerals of the 
gabbros. In the pass at No. 44, the gneissoid structure also holds, and in 
thin section the rock shows labradorite, hypersthene, garnet and brown horn- 
blende. At No. 46 it is chiefly labradorite. 

The rock of Whiteface mountain is quite different from the usual types 
elsewhere in the mountains. It 1s a markedly white rock through which are 
distributed dark bunches of ferro-magnesian silicates up to half an inch or 
more across. It looks like a light granite. It is not strongly gneissoid, 
although faint lamination is distinctly visible. Under the microscope it 
exhibits plagioclase, brown hornblende, pale lavender augite, magnetite, 
presumably titaniferous, and titamite. Pegmatite veins, strongly quartzose 
run through it at the summit. The rock on the way up from Wilmington, at 
No. 47a, is strongly laminated, with a nearly north and south strike. On the 
trail down to French’s, at No. 49, is a very gneissoid type, with a true strike 
of N. 25° E. 

The rock under the microscope is chiefly untwinned but very coarsely 
microperthitie feldspar with an extinction on the cleavage, up to seven 
degrees, so that it appears to be orthoclase. The inclusions are spindle- 
shaped, but curve and are irregular. Their general alignment ranges up to . 
twenty-five degrees with the line of extinction of the enclosing feldspar. The 
other minerals are diallage and a few shreds of quartz. The rock is very 
puzzling, exhibiting as it does the characters of both the gneisses and gabbros. 
Future and more thorough exploration may lead to the determination of some 
of this great ridge on its northwesterly side as belonging to the series of 
gneisses. It needs more exploration, but as it is a heavily wooded district and 
remote from settlements, it is less accessible than many other districts. I 
have provisionally colored it as belonging to Series HI, as such is my 
opinion from observations thus far made. The same rock that forms the 
peak of Whiteface mountain extends well down to the shores of lake Placid, 
and further along the ridge to the northeast in the pass, the rocks, as already 
stated, have the mineralogy of the gabbros. 

After leaving Station 49 no more actual outcrops were crossed by the 
trail which passes down through thick woods. All the boulders that were 
met, and some could not have been far from their parent ledges were gneissoid 
rocks of the mineralogy of the gabbros. But soon after leaving No. 49, the 
trail passed into St. Armand. 

Series IV entirely fails in Wilmington. 
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Series V. At the High Falls of the West Branch, near the North Elba 
line, a trap dike of eight or nine feet in width becomes the directing agent of 
the stream and explains the deep and narrow gorge by its easy decay and 
erosion. Immediately associated with it is much coarser crystalline red 
granite, precisely similar to the association of the dike and granite at the falls 
and gorge near Keene Center, as described in my former report, p. 468. The 
granite is older than the dike, for inclusions of its red aggregates of quartz 
and orthoclase are frequent in the trap. 

Series VI, The sands and gravels of the glacial and post-glacial times 
are strongly developed in the northeastern corner. They le well up the 
valley of the West Branch. The most abundant by far are in the nature of 
water-sorted materials, fine sands and gravel. 

Mines and Quarries. There is an abandoned prospect for iron ore just 
west of Wilmington, called the Weston mine. It was never a serious producer, 
but attracted attention in connection with the bloomery that formerly was 
operated in Wilmington village. The associations would indicate a 
titaniferous ore. The existence of a pegmatitic development of anorthosite 
with some pyrrhotite near the little post office of Hazleton, has been 
mentioned under No. 20. The samples shown me were only of mineralogic 
interest, although of course the general geologic relations in wall rocks of 
the gabbro family, suggests the presence of nickel and cobalt, ‘but experience 
in the norian rocks of the Adirondacks and Canada to date has only developed 
titaniferous magnetites as the ores present. : 


St. Armand. 


In my previous report a short sketch of the northwestern corner of this 
town was given and it was shown to be of the typical gneisses of Series I. 
In September, 1895, I was able to gather some further details, and have 
redrawn the old map so as to include them. Nevertheless, the lack of time 
and means, the rainy weather and the pressure I felt upon me to make a 
reconnaissance of the southern tier of towns of the county, prevented the trips 
into the wilderness along the southern boundary of the town that I expected 
to carry out. Since the field work of 18938, the lake Placid sheet of the United 
States Geological Survey has appeared: and has rendered available a map of 
the eastern half. 

Lopography. St. Armand lies along the Saranac river, which cuts it on 
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the diagonal. The northeastern corner is covered with sand and gravel and 
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is of mild relief. Along the east and, south there are the spurs of Mount 
Whiteface, and further west the ridge of Moose Pond mountain, all forming 
a practically unbroken wilderness. The mapping of this section is tentative 
and is based on the inference that the rocks in the edges of these ridges as 
met in North Elba on the south and Whiteface on the east continue toward 
the north, but where the line, if indeed it can be made out, between the rocks 
of Series I and Series HI is to be drawn, must be investigated later. A 
high ridge bounds the Saranac river on the west, south of Bloomingdale, 
and another appears north of the river and east of this town. 

Series I. At No. 51a there is a red orthoclase gneiss. At Nos. 52a and 
52 the gneiss is dark green, and is the same as No. 2 of the Jay map. Under 
the microscope it exhibits microperthitic orthoclase, a little plagioclase, and 
some almost opaque hornblende. Zircons are also not lacking. At the 
bridge over the Saranac there is an excellent exposure (No. 52). Outside the 
township, in Franklin county, the gneiss rocks continue beyond Franklin 
Falls, and two miles down the river there is a goodly ledge of the familiar 
white, crystalline limestone, charged with pyroxenes, titanites, bunches of 
hornblende, pyroxene and quartz. The dark hornblendic schists that always 
accompany the limestone, are also well developed. All these indicate that 
the anorthosites and gabbros, so far as present, he south of the Saranac river 
in this town, although we know that they exist near St. Regis lake to the 
west of the line of Essex county. The strike of the gneisses is mostly north- 
east, but east and west and northwest strikes are known. 

Serves IT is not met within the limits of the town, although, as stated 
above under Series I, it does appear about three miles north of the line. 

Series ITI. The area covered by these rocks is mapped on an inferential 
basis from observations on the prolongation of the ridges south and southeast. 
While actual study of the rocks 7m situ may modify this, I consider the 
inference as worthy of confidence in the present state of our knowledge. 

Series IV is entirely lacking. 

Series V. No dikes were noted in the town itself, but just over the 
border at Franklin Falls one appears in the side of the road near the hotel, 
with a northeast strike. It is a dark trap, presumably diabase. 

Series VI. The modified drift is widely spread in the less elevated 
districts. In the northeastern corner it covers several square miles so that no 
outcrops are available. Level meadows suggest at times former ponds or 
lakes, and the extended one near Bloomingdale station, outside the county, 
was referred to in my former report, page 472. 
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North Hudson. 

Topography. North Hudson is one of the largest townships in the 
county. It lies just south of the principal peaks of the Adirondacks, but its 
line includes the summit of Mount Dix, 4,842 feet above tide, the sixth in 
altitude of the high peaks. McComb mountain reaches 4,425 feet but the 
others are all below 4,000, and only one approximates this. The ridges have a 
marked trend, a little east of north, and all the valleys and larger watercourses 
show the same characteristic. The town contains several large and fairly open 
valleys. On the northeast it is marked by rather low hills, 500 feet or so 
above the upper waters of Schroon river which, near Deadwater pond, are 
about one thousand feet above tide. The same character continues along the 
east border. The Schroon river flows with a rather sluggish current 
southwest across this portion, the total fall in twelve or fifteen miles being 
about 200 feet. The valley is a fairly open one, is filled in with sand, and the 
highway is nearly a dead level, often for long stretches. West of the Schroon 
river the country is much more rugged and elevated and is practically 
uninhabited except for the sparsely distributed houses along the road to 
Newcomb. 

Immediately west of the Schroon river, Saunders mountain, Old 
Far and Little Far, Niagara mountain, Nippletop and Wyman hill make a 
considerable rampart, that is broken where the “ Branch” comes in from the 
west to the Schroon river, making thus one of the few east and west streams 
of the region. 

The next great mdge to the west containing Spotted mountain, 
McComb and Dix, is separated from the ridge just mentioned, chiefly by 
Niagara brook, which flows along the excessively steep westerly slope of 
Niagara mountain, taking its water exclusively from the west side of 
the valley. Further south comes in the “ Blue Ridge,” whose culmination is 
Hoffman mountain, just over the line in Schroon. West of McComb 
hes the valley of Elk lake, a wide and somewhat swampy one with the lake 
in the middle. It forms the source of the “ Branch.” West of this lies Boreas 
mountain, nearly 4,000 feet (3,815) at its culmination, which makes the 
watershed between the tributaries of the Schroon and the Boreas rivers, and 
between the Schroon river and the East Branch of the Ausable river. The 
headwaters of the Ausable and Boreas rivers are in another broad northeast 
and southwest valley that is marked by wet meadows and lakes. In the 
northwest corner of the town are Cheney Cobble mountain, 3,673 feet, and the 
slopes of Allen mountain, that culminate just over the border at 4,345 feet. 
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The Boreas river passes out of the southwest corner of the town into 
Minerva, with various minor tributaries heading in hills of moderate 
elevation. 

Geology. So far as I have explored North Hudson, only the rocks of 
Series III have been met. I have crossed the northwestern corner, coming 
down from Marcy to the Upper Ausable lake. All the rock visible was 
anorthosite. In the northeast and east all the roads on the map have been 
traversed and the anorthosites, related gneissoid types and gabbros have alone 
been met, but it is quite possible that the gneisses of Series I may be present 
in the northeast corner. No. 60, near Underwood, is crushed anorthosite; No. 
61 is massive gabbro ; No. 63 is also massive but is very finely crystalline ; No. 
64, near Root’s hotel, is typical crushed anorthosite. All along the highway 
that comes in at Chafey’s from the east, is Series III, an extension of the 
great area that forms the prominent knob of Harris hill just over the border 
in Moriah, and Moose Pond mountain in Crown Point. The road that comes 
in to the main highway, just south of No. 64, from Johnson’s pond, traverses 
anorthosite all the way. At No. 103a, where the highway along the Schroon 
river crosses the town line, there is an outcrop of dark typical gabbro. 

On the highway that crosses the southern half of the town from Root’s 
hotel to Newcomb, the rocks are anorthosites and gabbros more or less 
gneissoid. Gneissoid rocks of the same type are met on the town line where 
the trail in the southwest corner crosses the town line. I have reached that 
point coming up from the south in Schroon. The valleys in the interior 
of the town have not been visited, but as anorthosites and their related rocks 
are found on the north in Keene and-to the northwest in Newcomb, it is 
unlikely that any other series will be met.* 

Series I and JT are lacking so far as we yet know. 

Series ITT covers the town so far as our present knowledge goes. See 
above under Geology. 

Series IV is lacking, but it is extremely probable that it formerly 
existed in the Schroon river valley, as a small outlier is still preserved at 
Schroon Lake post oftice.+ 

Series V. No dikes were observed, but they doubtless exist. 

Series VI. The usual sands and gravels are present all along the 
Schroon river and at times form level stretches of noticeable extent. They 
are even abundant enough to be quite seriously drifted by the winds in one 


* They have since been thoroughly traversed, and only Series III has been found. 
+ A small area of Potsdam sandstone has been found in subsequent field-work, about a mile north of Chafey’s, 
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or two localities. To what depth they fill the valley is uncertain, for the 
Schroon river has not excavated them to bed rock. Lakes or estuaries must 
have existed after or during the wane of the ice-sheet in order to have made 


possible the abundant deltas. 


Schroon. 


Topography. Schroon is a township lying along the southern limit of the 
high peaks and partaking both of their topography and of that of the more 
open country further south. It contains the northern half of Schroon 
lake and all of Paradox lake, the largest two in Essex county. The 
town is cut into two nearly equal portions along a north and south line 
by Schroon river and lake. The valley of Paradox lake, running east and 
west, cuts off the northern third of the eastern half. It is a region of 
moderate elevations formed by the outlying anorthosite spurs of the great 
Moose mountain ridge of Crown Point and North Hudson. The highest 
summits reach 1,700 feet. Paradox lake les in an irregular east and west 
valley, with its surface 820 feet A. T. To the south is a wilderness of 
moderate hills with one very prominent peak, Pharaoh, 2,557 feet, that is the 
chief land mark of all this region, Lakes and swampy valleys le in among 
the hills. Passing along the southern line the same topography continues to 
Schroon lake, which is 807 feet A. T. The altitudes therefore of Paradox 
and Schroon lakes differ but slightly, and in high water it is reported that 
Schroon lake rises so much faster than Paradox that the drainage is temporarily 
reversed—whence the name “ Paradox.” It is quite evident that they were 
one continuous body of water in recent times and that the Schroon river has 
built up an extensive sandy delta that has cut them apart. Its course over 
sands and gravels for ten miles or more to the north has furnished it with 
abundant sediment in the immediate geologic past. West of Schroon lake, 
the southern line cuts Green hill, which reaches the respectable altitude of 
2,227 feet. Passing along the zig-zag boundary to the north and west, deep 
valleys and fairly high hills prevail. Near the northwest corner, Hayes 
mountain just west of Bailey pond is 2,822 feet. The northern boundary 
crosses a, series of high ridges with a marked north and south trend and 
with narrow valleys or notches between. Washburn ridge culminates at 
2,938 feet, Texas ridge at 3,212 feet, and Hoffman mountain, the nucleus of 
them all, at 3,715 feet, the highest in the township. This region extends as an 
unbroken wilderness until the valley of the Schroon is again met. The 


central part of the town is fairly open and quite generally settled. Beech hill 
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at 2,208 feet is the culminating point of the largest clump of hills, but 
farms extend almost to its summit. The drainage of the western part of the 
town is mainly through Trout brook into the Schroon river in Warren 
county to the south. The exceptional interest that attaches to the topo- 
graphic relations of the Schroon lake basin are later commented on. 

Geology. ‘The northern portion of the town is formed by Series III, 
but almost all the remainder, except for outliers of gabbro, consists of the 
eneisses and crystalline limestones of Series I and II. A small but 
extremely significant remnant of Calciferous cherty limestone covers a few 
acres at Schroon Lake post office. 

Series I. As shown by the map, the southern portion of the town to 
the extent of more than half its area is formed in largest part of gneisses. 
The gneisses vary somewhat among themselves, but a light colored, strongly- 
laminated one, shown by the microscope to consist of quartz, microperthitic 
orthoclase, prominent garnets and a little hornblende, is a very prominent 
type. It is the principal rock around Schroon lake, and in the country to 
the southeast around Mount Pharaoh and Pharaoh lake. Hornblendic 
varieties also appear that are darker than this one, and still different varieties 
as noted in the detailed itinerary that follows, 

The valley of Paradox lake is bounded on the south by the limestones 
of Series II, but on the eastern border of the town, at Nos. 100 and 101, is 
the Schofield ore-body, whose walls are a massive gneiss, precisely like that 
which contains the ore at Hammondville. It is little else than plagioclase 
feldspar and quartz. A few magnetite grains appear, but the rock is a very 
pure aggregate of the two minerals mentioned, right up to the ore. The hills 
and ridges in this region are very generally gneiss, while the lower lying slopes 
and depressions are limestone. Along the highway to Crane pond, No. 97 is 
a coarse gneiss of interlaminated flat lenses of quartz and orthoclase, which 
have evidently been rolled out under dynamic stresses. In the slides, strained 
or crushed crystals are abundant. Very little hornblende is present. Along 
the east shore of Schroon lake, the rock is a coarse quartzose gneiss, at times 
with mica, again with hornblende, and often with garnets, while along the 
highway which lies in part in Warren county, it is much the same, and is the 
garnetiferous variety cited at the outset. The same rock makes up the mass 
of Mt. Pharaoh. A fine illustration of a brecciated gneiss was met at No. 69 
on Pharaoh lake. This light garnetiferous gneiss leaves a strong impression 
on the observer that it is clastic in origin, although precise evidence is diffi- 


cult to obtain. 
38 
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The gneisses form the western lake shore, with intervals (Nos. 76a, 77). 
No. 78 is a light grey variety like that of the western shore, but No, 76 and 79 
are darker, full of plagioclase, with brown hornblende, and in No. 76 diallage, 
so that the mineralogy suggests an altered igneous rock. The gneisses 
continue across the hills on the south. At No. 109, on the southwest, a 
quartz-hornblende-gneiss is met. 

On the highway running west from Schroon lake post office, at No. 88, 
is a quartz-hornblende-gneiss, and at No. 82 a basic hornblendic variety. 
Outcrops are few along the road to the west, but the gneisses and limestones 
occur just over the border in Minerva, along this general line. Particular 
interest attaches to these relations because just to the north the spurs of 
Hoffman mountain begin to rise and shade from gneissoid gabbros into the 
massive anorthosites, so that the highway is not far from the boundary 
between the two. . 

Series IT. The crystalline limestones are quite widespread and of con- 
siderable areal importance. As always, they favor the depressions. Along 
the south side of Paradox lake they are strongly developed. At No. 98b, is a 
high ledge with a good-sized cave extending into it. The limestones reach 
up into the valley to the northeastern portion of the town, and are prolonged 
into Crown Point, as shown on the map of that town already published. In 
the valley of Alder brook, that is the outlet of Crane pond, the limestones are 
abundant all along the highway, and with ae are the usual black schists. 
The limestones appear again at Nos. 76a and 77, on the west shore of Schroon 
lake. They were not met elsewhere, event abundantly developed in 
Minerva. 

The limestones are white, coarsely crystalline and graphitic. They 
seldom show any large cross-section, say twenty-five to fifty feet, without 
bunches and knobs of dark silicates, or scattered irregular bits of pyrrhotite, 
hornblende, pyroxene, flakes of phlogopite, ete. 

Series III. The anorthosites and gabbros constitute the northern portion 
of the town and rather more than one-third of its area. They are prevailingly 
gneissoid, and as the areas of the gneisses of Series I are approached, they 
become very strongly so, almost to the extent of schistosity. This tends to 
decrease in the interior hills, and at No. 95 quite coarsely massive varieties 
are attainable. All over the adjacent areas on the south are huge boulders, 
often as large as a small house, of the hight bluish anorthosite, that has 
come from the inner hills. At or near No. 87a, I paced one that was roughly 
oval, 30 x 20 feet, and that projected six feet above the turf, with an unknown 
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extent below ground. Others often stand in full exposure, 10x20 feet 
in dimensions. The district is the most prolific in them of any traversed 
by me. 

Aloug the highway in the northeast corner, gneissoid anorthosites are met 
at No. 103 and alternating with gabbros (No. 104) they continue along that 
road over to the valley of the Schroon. On the highway in the Schroon 
valley, massive gabbro is met at No. 103a, and massive anorthosite at No. 105. 
Gneissoid anorthosite forms the north shore of Paradox lake at No. 106a and 
No. 106b, but quartz gneiss outcrops at No. 106. On the west side of the 
road up the Schroon valley, the anorthosites are met in the hills and have 
gneissoid laminations more or less distinctly developed. In the foothills to 
the north of Rogers pond, thinly laminated basic gneisses, manifestly derived 
from gabbros, are first traversed and only yield to the more massive forms in 
the interior peaks. The region where Nos. 85, 86 and 86a appear is a very 
difficult one to cross, as there are no trails and as it has been recently burned 
over. On the northwest, gneissoid anorthosites again appear at No. 88, and 
over to the north of Bailey’s pond, with varying accessions of dark silicates, 
they continue to the North Hudson line. 

The exposures and float masses of the rocks of Series III in this 
town have given some of the most interesting data regarding the dynamic 
metamorphism of these rocks that have been met in the mountains. Perfectly 
massive varieties were collected, consisting of a coarse aggregate of green 
labradorite, with perhaps a stray hypersthene, augite or hornblende crystal and 
a garnet or two. Crushed rims around the crystals first manifest themselves 
and increase gradually until the rock consists of nucleal fragments embedded 
in a white pulp of comminuted feldspar. Such varieties I have called pu/p 
anorthosites. Apparently these have resulted largely from crushing strains 
without much shearing. When the latter is superadded, the crushed materials 
are dragged out into the laminations of a gneiss, with the nucleal crystals left 
as lenticular “eyes” around which the laminae pass. Abundance of dark 
silicates accentuate the laminations, and the development of garnets makes 
them much more prominent. The formation of this latter mineral is a 
question deserving much careful study and chemical analysis. It is a 
remarkably common and characteristic mineral all through the mountains and 
is present in all the older rocks, but especially in those’ of Series HI. It 
seems to result from the pyroxenic constituent and also to develop in purely 
feldspathic rocks, and in these it may be in fairly regular dodecahedra three- 
fourths of an inch in diameter. It is a deep rich red in the rocks of Series 
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III, but is notably paler in those of Series I and II. I expect to give the 
subject of its formation detailed investigation in the future, as opportunities 
oceur. 

In distinction from the more feldspathic members of Series II, of which 
special mention has been given aboye, often under the name anorthosite, 
attention should be directed to the dark basic gabbros and their meta- 
morphism. Although the latter are best exhibited in Moriah township, on 
lake Champlain, just north of Port Henry, they are also, to a less degree, 


gvabbros often contain olivine, and are a 


shown in Schroon. The dark g 


plutonic rock, rich in pyroxene, brown hornblende, titaniferous magnetite, 
and a dark green plagioclase that tends to develop somewhat lath-shaped 
crystals and, in many specimens, to suggest the diabase type of texture. 
Excellent exposures occur along the highways on the northeast at Nos, 104 
and 108a. The last named is a large ledge, perfectly fresh and extensively 
blasted out on account of the passage of the road. In the extreme southeast, 
on the shore of Pharaoh pond, is a dike twenty-five feet wide, of well-marked 
gabbro, far out from any visible parent mass, and in walls of light grey 
quartzose gneiss. Again, west of Schroon Lake post office, on the lane 
leading out toward Rogers pond, at No. 84, is a fine outcrop of coarse dark 
olivine gabbro. ' 

These massive gabbros, when subjected to shearing stresses, develop 
dark hornblendic schists, and this change can be shown even in the limited 
exposure of the rather narrow dike on Pharaoh pond. The feldspar is 
crushed, and the dark silicates are dragged out into thin laminae. Ever the 
massive types have seldom escaped the production of reaction rims of 
garnets that mark the boundaries between the feldspars and the dark silicates 
or ores, almost never allowing the former to come into actual contact with 
the latter. HHypersthene, brown hornblende and biotite also enter into the 
rims, especially where they surround magnetite, but garnet is much the 
commonest and most noticeable of them all. 

Series ITV. Much the most interesting and significant of all the 
exposures in Schroon township is that embracing a few acres of what I take 
to be the Calciferous formation. The rock is a grey, cherty limestone or 
dolomite. It extends along the shore on both sides of the steamboat dock at 
Schroon Lake post office, and has a total outcrop of about 400 yards. Rogers 
brook falls over a ledge of it and affords the best and most extended cross- 
section. The strike is by the magnetic compass N. 60° E., and the dip is 25° 
N. W. Referred to the true meridian this would be 10 to 12° more to the 
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eastward. Roughly but carefully measured, the total thickness exposed above 
the lake water is about seventy-five feet. Streaks of chert run through the 
ledge, and coaly or asphaltic material appears in the cracks. Calcite pockets 
are not lacking but, although I searched carefully over the ledges, I was 
unable to find definite remains of organisms. Thin sections of the chert 
merely exhibit a brown, nearly isotropic base with numerous rhombohedra 
of calcite or dolomite scattered through it. A few opaque ones are 
apparently limonite residues after original siderite. This outcrop was noted 
by Charles E. Hall in his report on the Laurentian Iron-Ore mines of the 
Adirondacks (Thirty-second Annual Report New York State Cabinet, p. 139), 
who speaks of it as Chazy and as containing fossils. Fossils sufficiently well 
preserved would, of course, settle the stratigraphy at once, and I feel the 
greatest hesitation in speaking of the ledges as Calciferous in opposition 
to the earlier record. The resemblance is so close, however, to the 
cherty magnesian limestones that are undoubtedly Calciferous and non- 
fossiliferous on lake Champlain (as for instance just north of Port Henry, and 
again just north of Crown Point on the Delaware and Hudson railway), and 
the probability of Calciferous in this outlying district resting on Potsdam is 
so great, that I leave the determination as stated, being ready to recall it if 
the evidence of fossils should be against it. 

The interest of the exposure les in ‘the fact that it is the remotest 
outlier yet found of the Palaeozoic sediments in the mountains. The 
nearest outcrop is the little area of Potsdam sandstone, distant at least 
ten miles in a direct line in the Putnam’s pond valley of Ticonderoga 
which, however, drains north through Penfield’s pond in Crown Point 
to lake Champlain. The actual divide at the head-waters is insignificant. 
Down the Schroon and Hudson valleys the nearest exposure recorded is at 
Hadley, about forty miles away. There is little doubt, however, that the 
Hadley tongue formerly set back up the Hudson and Schroon valleys, 
and that this little outlier is the only remnant, so far as we now know, 
that is left. Hadley is given by the railway (see Macfarlane’s Geological 
Railway Guide, Second Edition, p. 118) at 606 feet, and Schroon lake 
has lately been determined by the United States Geological Survey at 807 
feet, so that the rise is now about 200 feet. The interesting point is 
whether these modern valleys were depressions and embayments up which 
the oceans set in Cambrian and Ordovician time; or whether the early 
Palaeozoic strata spread all across the crystallines and have only been 
preserved in small in-faulted blocks, whose faulting is relatively modern. 
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The former has been the case with the lake Champlain basin and 
apparently with its arm up through Crown Point and Penfield’s pond 
into western Ticonderoga, along the easterly branch of Putnam’s brook (see 
map of Ticonderoga, Report of the State Geologist of New York for 1893, 
p. 452); with the lake George basin and its arm up through the Trout Brook 
valley in Ticonderoga (see last reference), and in the Hudson - Schroon 
valley, we have doubtless still preserved for us the old Cambrian-Ordovician 
topography. It is furthermore a curious fact that the strike of all these out- 
liers is northeast, and the dip is also low to the northwest. It is remarkable 
that the same strike and dip hold good for the embayments of these rocks all 
along the west shore of lake Champlain, in Essex county, and notwithstanding 
the minor faulting we cannot well avoid inferring that there has been con- 
siderable tilting in which the county to the east and southeast has risen. 
The Green mountain upheaval may in part account for this, but the Schroon 
outlier is a long way into.the Adirondacks to have felt its effects, when it 
produced such slight tilting along lake Champlain itself, only twenty miles 
away from the principal elevation. If we assume anticlinal folds instead of 
faults, it is extraordinary that the eastern limbs should be eroded while the 
western remain. ‘Tilting in blocks with fault lines approximately parallel 
to the present valleys, is more likely to be the true explanation.* 

It is also worthy of remark that the Schroon valley is a base-leveled one, 
or nearly so, except as concerns side tributaries. The Schroon itself is a very 
sluggish stream for a mountainous one, and the fall is very slight, as was 
noted above under North Hudson, from its source to Schroon lake. Such 
obstructions as it is now at work upon are chiefly glacial deposits. The great 
geologic age of the valley no doubt accounts for this sluggishness and the 
question may be raised if other slow streams, not evidently held in abeyance 
by glacial deposits, may not be explained in the same way. 

Series V. Several dikes have been noted. The point on Pharaoh pond, 
where No, 70 is located, is well provided with them, as the accompanying 
sketch (Figure 1) shows. The laminations of the gneiss run straight across 
the strike of the dikes. The dikes have also proved an easier prey to the 
weathering effects than has the gneiss and the retreat of the shore along their 
lines has in part at least caused the points. The dikes cut pegmatite veins, 
and in one case a small dike cuts a larger one. The occurrence of these little 


scraps of igneous rock in doubly terminated fissures and running like yeinlets 


* Since the above was written, topographic maps of this area have been issued by the United States Geological Survey, and 
based on these, the writer has discussed this question at greater length in the “ Bulletin of the Geological Society of America,” 
Vol. VIII. p. 408, Plate 51. 
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all through the gneiss is remarkable: We can only infer that the intrusion 
of the larger ones extensively shattered the walls and that the molten trap 
oozed into every notable crevice. The rock is a diabase. The presence of 
the gabbro across the lake at No. 73 may be remarked, but I see no reason 
to connect the two. <A very similar group of little dikes was also met west 
of Schroon Lake post office at No. 83. The accompanying sketch (Figure 2) 
illustrates their relations. The exposure was only a small one, eight or ten 
feet square, and the tiny dikes were faulted in an interesting way, as shown 


in the figure. The smallest of these was doubtless originally continuous. 
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Series VI. The glacial drift is very generally present, and, as already 


remarked under Series III, enormous boulders are of great abundance just 


south from the mountains. The town, however, seems to have been in the 
region of transportation rather than of deposition, and the hills of gravel, 


moraines, etc., that we meet farther south are lacking. Water-sorted sands 


of post-glacial times are present in the stream valleys. 
so far as observed, and the boulders noted were doubtless stranded in the 


melting of the ice sheet while they were in transit. 


are anorthosites. 


The hills are of rock 


All the large boulders 
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Mines There is only one ore-body in the township, so far as I learned, 
and that is the Schofield vein on the extreme east, at the line with Ticonderoga. 
There are two ore-beds in a ledge, fifty yards or so east of the highway, and 
about thirty feet above it. The lower and larger is about twenty inches 
thick, and the upper, a few feet above, is from two to twenty inches. 
Naturally this amount is not very serious, but in the earlier days of the 
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bloomeries the lower vein was somewhat mined, and excavations thirty or 
forty feet down were made. The ore is probably much the same grade as 
that at Hammondville, as the wall rock is the same. 

In his Bulletin on the Iron Ores of New York, Professor Smock speaks 
of another small mine on the north side of Paradox lake, but I learned 
no particulars about it. 


Ticonderoga. 


In my previous report, p. 452, the map of Ticonderoga was left 
incomplete as regards its western edge. The observations that were gathered 
last season along the western line with Schroon, make it quite evident that 
the gneisses of Series I, with perhaps some limestones as yet unlocated and 
some minor intrusions of gabbro and trap dikes cover the area. The map has 


therefore been filled in on this basis, and appears here in completed form. 


Minerva. 


Topography. Minerva is a very large township, which is still bet 
sparsely settled. While its elevations are of moderate character, no specially 
notable one being within the town lines, they are, in instances, extremely 
rugged and wild. Population is chiefly limited to the southeastern corner, 
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where Olmsteadville is situated. Scattered houses extend for a few miles 
along the highways, but to the north, after three or four miles, there are but a 
half dozen until one reaches Newcomb. The same is true of the southwest. 
On the northeast the Boreas river flows into and diagonally across the town. 
Where it enters, the river is about 1,700 feet above tide and the surrounding 
hills are 800 feet and less, higher. Passing southward along the eastern border, 
the summits reach 2,000 to 2,500, and as a maximum 2,850 feet. Right at the 
corner where the boundary bears away eastward, is Oliver hill, a very large 
knob of 2,477 feet. Minerva stream flows southward on the west of it and 
Trout brook on the east. A high ridge marks the southeastern boundary. The 
valley of Minerva stream is somewhat open and level near Olmsteadville, but 
along the southern boundary the hills are again of notable height, and rugged 
in the extreme. The valley of the Hudson cuts the northern town line near 
its middle point and is narrow, with steep, precipitous hills closing it in. The 
town of North River is just over the line in Warren county, and five miles 
still further down is North Creek, the nearest railway terminus. Along the 
highway to Blue Mountain lake for several miles after leaving the Hudson, 
the ridges are rocky, bare and rugged, but on the extreme west they die away 
in open and fairly level country where the lakes appear on the map. Along 
the northern border around to the starting point the hills come in again, but 
the country is a wilderness, broken only by the camp of the North Woods 
Club. 

Geology. So far as present observations go, the town is chiefly formed 
by gneisses and crystalline limestones, of which the latter are especially 
abundant as compared with the other towns studied. On the northeast, 
gabbros and related gneissoid rocks appear, and the same are present along 
the eastern border, but the greater part of the town is south of the main 
outcrops of the anorthosites. 

Series I and IT. It is not feasible to sharply distinguish between these 
two at present (even should it ever be so), as observations have not been 
accumulated in sufficient amount. The valleys, naturally the places where 
the highways are located have, almost without exception, been excavated in 
the limestones. The intervening ridges are gneisses. So much of the town 
is difficult of access that observations are not yet recorded in great detail. 
On the central eastern border the gneisses are met at No. 116b, but south in 
the same valley near Irishtown the limestones appear. Along the road at 
No. 116¢ on the west side of the creek, I noted a pile of sulphurous magnetite 
said to have been derived from the hills to the westward. It reminded one 
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of the Lee ore near Port Henry and. the Vineyard openings on Buck 
mountain, in Ticonderoga. Near Olmsteadville and in the valleys to the 
eastward, limestones and the characteristic schists and gneisses that accom- 
pany them are frequent. The same statement holds true along the highway 
that runs west and then southwest to North River. At No. 110 is a light 
quartz gneiss, at No. 111 a white crystalline limestone, and in between are 
dark hornblendic schists and thinly laminated gneisses such as usually 
accompany the limestone. Quartz veins of inconspicuous character are often 
seen. At No. 112, in the creek bottom and on the east bank, is a fine out- 
crop of a thinly laminated, richly quartzose gneiss. Limestone appears near 
the town of North River in the east bank of the Hudson, and further up 
stream are cliffs of gneiss nearly 200 feet high. Along the highway to Blue 
Mountain lake, alternating exposures of gneiss and limestone are met to the 
town line, except just east of No. 115, where a gabbro excessively basic and 
somewhat schistose and rich in magnetite appears. From No. 113, for a mile 
or more, a superb fault scarp is on the north side of the road, where the dip 
and strike sign is located. It exposes a precipitous front of gneiss, and has 
a small prospect hole for garnet well up on its sides. 

Passing now along the highway in the eastern central part of the town 
from Olmsteadville to Newcomb, the same alternations of gneisses and 
limestone exposures are met as far as No. 123, which is a mile or less south 
of Aiden Lair. Gneissoid rocks belonging to Series III then appear and 
extend off to the northeast beyond Hewitt pond and no doubt connect 
with the areas north of Bailey’s pond in Schroon. They are described 
under the next series. At the crossing of the Boreas river, quartzose gneisses 
again crop out at Nos, 125 and 126, but gabbro and black hornblendic 
schists lie both south and north of them. Beyond Van de Whacker creek is 
No. 128, a coarse quartz-orthoclase gneiss, with the two minerals in lenses 
just as was noted for Schroon, No. 97, and Jay, No. 6, the latter from 
Haystack mountain. 

Along the road that branches off to the North Woods Club near the 
middle of the town, black schists and gray gneisses are crossed as far as 
the Boreas river. Beyond its bridge, limestone of the usual graphitic white 
variety is the principal rock exposed. No. 141 was the last outcrop that I was 
able to reach, so that a great area in Minerva and Neweomb to the north- 
west remains unstudied, but I have little doubt, both from its abundant 
lakes and moderate hills, that it will all prove to contain the usual asso- 
ciation of limestones, schists and gneisses. 
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The strikes and dips that were recorded are plotted on the map, but they 
display such variability that no general conclusions can be drawn from them. 
They will only be of value in close detailed study in which every outcrop is 
noted, so that step by step such structural details may be worked out as are 
possible. 

Series III, Along the east and west highway in the extreme northeast 
corner of the town, gneissoid rocks rich in garnets and doubtless derived from 
moderately pyroxenic gabbros and norites, are the rule from Labier’s at the 
town line until the line of Newcomb is nearly reached. The usual basic 
gabbro then appears and extends across into Newcomb, but near the highway 
outcrops do not occur with all desirable abundance. Gabbros or black 
gneisses and schists regarded as derived from them are found just south of 
Van de Whacker creek at the crossing of the highway from Minerva to New- 
comb. I map them as belonging with the gabbros, although from their 
general metamorphism, the interpretation is not thoroughly established. 
South of the Boreas river, gabbros of the usual basic type do appear, and 
to and beyond Aiden Lair and eastward at Hewitt pond, garnetiferous 
gneissoid rocks, clearly derived from sheared anorthosites, constitute the 
ridges. At No. 123, just north of an abrupt eastward bend in the road, are 
typical “ augen ” gneisses derived from the labradorite rocks, and with large 
nucleal labradorite “eyes” or “augen,” left in lenticular shape. 

In the southwestern part of the town, near No. 115, black hornblendic 
rocks are again met which are presumably derived from gabbro. Along the 
eastern border, at No. 116b, and to the north the float, even that of a small 
size, in the valleys is all of Series III, so that the hills to the north, which 
were not easily reached within my limited time, are doubtless of this series 
and a westerly extension of the same rocks visited in Schroon, just north of 
Bailey pond. They connect the latter with the Hewitt pond exposures 
mentioned above. 

Series IV was not met, and it is not likely that it was ever present, 
unless in the Hudson valley, of which I see no evidence. 

Series V. No trap dikes were met. 

Series VI. Glacial gravels are not infrequent and boulders of the 
massive anorthosites and gabbros from the peaks in Newcomb are very com- 
mon along the highways. They furnish very fresh and accessible illustrations . 
of the general character of these rocks. The large area that is covered by 
sand and gravel along the north border, where the highway crosses from 
Minerva to Newcomb, begins in Minerva, but is most extensively developed 
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in Newcomb. Much sand and gravel also occurs north and south of Minerva 
post office, but in the portions of the town that were studied, it must be 
admitted that the glacial deposits furnish much less of interest than in the 
towns farther south. 

Mines. The one little iron-ore prospect referred to under Series I and 
II, was the only one I met. The quality of the ore precludes its working. 
Professor Smock mentions a vein northwest of Olmsteadville that was opened 
by the Burden Iron Co., in 1881, but that is only of small size (Bulletin 7, 
New York State Museum, p. 36). The only other mineral of importance is 
garnet, but the present developments for it lie mostly just outside of the town, 
in Warren county. The one prospect that I saw was high up on the precipitous 
cliff in the southwestern corner. Although I noted the small dump in the 
talus while passing at a distance, I did not learn what it was until after I 
had returned to Minerva. No doubt the region is favorable for the mineral, 
and some deposits may yet be opened up but, as stated, present developments 
are in Warren county. The following brief accounts are all that have yet 
been published about them. F. C. Hooper, “Garnet as an Abrasive,” School 
of Mines Quarterly, January, 1895. D. Van Ingen, “New York at the 
World’s Columbian Exposition,” p. 341. Further study of them will be of 
economic importance as well as of scientific interest in illustrating one of the 
minor results of the general metamorphism. The limestones have certainly 
been important contributors of their substance toward the formation of the . 


mineral. 


Newcomb. 


Topography. Newcomb is a very large and sparsely inhabited township 
that hes along the western border of the county. In its northeastern corner 
it contains the headwaters of the Hudson in lake Henderson and lake 
Sanford, and in lake Colden from which flows the Opalescent river. Several 
high peaks are in this section, for the summit of Mount McIntyre, at 5,112 
feet, is just across the line in North Elba, and its southerly ridges at 4,855 
feet and less, stretch well into Newcomb. Santanoni, reported at/4,644 feet, 
lies some miles westward and is an impressive peak because comparatively 
isolated. Coming south along the eastern border, the valley of the south 
branch of the Opalescent river is a fairly open one, and is succeeded by the 
North River mountains, a ridge 3,814 feet at its summit. Minor spurs are 
characteristic of the southeastern portion, with one good sized lake called 


Perch pond. Along the southern line the elevations are moderate, but the 
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country is very wild and but slightly opened up. The Hudson passes out on 
the southwest, receiving an important tributary from the Chain lakes. The 
western border has the same character of moderate elevations and exhibits the 
topography more typical of Hamilton county in which the high peaks disap- 
pear except as an occasional one breaks the general stretch of moderate 
elevations. Mount Goodnow, Mount Baldwin, Catlin mountain and Moose 
mountain, are the chief eminences. Catlin lake, a rather large body of water, 
is right on the line. This lake and its tributaries drain south into the Hudson, 
but on the northwest and north, the Cold river, rising in Preston ponds, flows 
westward into the outlet of Long lake and ultimately into the Raquette river 
and the St. Lawrence. ‘The northerly town line passes along the south slopes 
of Mount Seward, and of Wallface mountain, crosses the Indian pass, which 
is one of the finest gorges in the mountains, and runs over Mount McIntyre 
to the northeastern corner. The central part of the town is a comparatively 
open valley with lakes Andrew, Newcomb, Rich and Harris and across a 
divide of moderate elevation, lake Sanford, all of which together cover a 
good part of its area. The change in topography is largely due to the 
presence of crystalline limestones which have furnished an easy mark for 
erosion. The highway to Long lake passes along the shores of lake Harris 
and Rich lake, and in this portion is the village of Newcomb and the only 
settled part of the township, except as regards summer visitors. 

Geology. Field work in this town is still very incomplete. I have 
crossed the northeast corner at lake Colden, have visited the iron prospects 
around lakes Henderson and Sanford, and the outcrops along the Hudson 
from lake Sanford to Newcomb. I have gone from Newcomb post office to 
lake Newcomb and coasted around it, and have made another trip to the west 
boundary of the town on the Long lake road, and again along the highways to 
Minerva and to North Hudson, but the northwestern and the southwestern 
portion I have not explored, as they were not accessible in the time at com- 
mand. Specimens of anorthosite have been received from the hills around 
the Preston ponds, through the kindness of Mr. Charles A. Macy, 2nd. 

Serves I and JI. It is not feasible with present knowledge to attempt 
to differentiate these two, if, indeed, it ever will be. The crystalline limestones 
are widespread and have beyond question been a prominent factor in bringing 
about the lake basins in the central part of the town and in determining the 
river courses. After crossing the Minerva line the outcrops are buried in 
gravel until one passes the next cross-roads. At No. 49 is an outcrop of white 
crystalline graphitic limestone that was quarried forty or more years ago for 
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the furnaces upon lake Sanford. On the road to Newcomb the same rock 
again appears at several points and furnishes a fine bluff on the south shore of 
lake Harris near No. 47.* Black hornblendic gneiss forms a hillock at No. 47, 
while just across the bridge leading to lake Newcomb is a green, rather 
massive gneiss, which under the microscope exhibits orthoclase, or at least 
untwinned feldspar, some plagioclase, quartz and hornblende. The same rock 
is met on the road to Mr. Pruyn’s camp, in some of the borrow pits, and has 
been noted elsewhere in the county. Crystalline limestone and its char- 
acteristic associated black schistose and quartzose gneisses are met as far 
west as the town line. On the road to Newcomb lake, gneisses generally dark 
and hornblendic are seen, but on the shores of the lake at No. 131, just north of 
Mr. Pruyn’s camp, white limestone again appears, with graphite, brown tour- 
maline and blue apatite all in small and poorly developed. crystals. This 
ledge was also a source of stock for the early furnace near lake Sanford. At 
Watch Rock, at No. 132, on the southwest side of the lake, is a quartzose 
gneiss, and again at No. 134, called Flat Rock point, there is a dark graphitic 
gneiss, which is doubtless a metamorphosed sediment. 

It will be a matter of great interest to determine the geology of the 
northwestern portion of the town, because it seems probable from the 
character of the country, as seen from afar, that the anorthosites and gabbros 
end with Santanoni and that this region of lakes and moderate hills will 
prove to be gneisses and limestones. The anorthosites are of course well 
known far to the southwest and may form isolated knobs in the region between 
Neweomb and the line of the Adirondack and St. Lawrence railroad, and 
they are present around the Preston ponds, but the country, so far as scattered 
observations indicate, is mostly gneisses and limestones. Much the same is 
likely to prove true of the southwestern corner of the town. 

Series III. ‘The anorthosites and gabbros practically make up the 
eastern third of the township. On the highway from North Hudson, gabbro 
is met at No. 49b, just east of Tahawus. On the road from Tahawus (often 
called the Lower Works) to the old Adirondack village (the Upper Works, or 
“Deserted Village”) strongly gneissoid rocks first appear, but near lake San- 
ford’s southern end they yield to well-developed anorthosites which form the | 
hills on each side. At the prospects on the great Sanford vein, at Nos. 43 
and 44, the wall-rock is a massive aggregate of labradorite, and little else, and 
from the ledges in the river and hillsides, near the present club-house, the 


* This is the locality of the fine tourmalines first brought to notice by Professor Beecher and described by Mr, F. L. Nason 
in Bulletin New York State Museum, Vol. I., No. 4. 
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typical coarse, massive, bluish black anorthosite is to be had in endless 
amount. It is a beautiful rock and could not fail to impress any geologist as 
a most attractive object of study. The dark color of the fresh rock becomes 
a pale blue or grey on exposure. Its water-worn pebbles display at times the 
characteristic play of colors, and suggested the name Opalescent for the 
creek or small river that drains lake Colden. These rocks extend in typical 
development to the northeast, and are found in all the peaks around lake 
Colden. They form the walls of Indian pass and are present around the 
Preston ponds, but how far they extend to the west I can not state from 
personal observation. 

Lakes Sanford and Henderson are classic ground in connection with the 
early metallurgy of iron in this country, and as the result of Professor E. 
Emmons’ Report on the Geology of the Fourth District, in 1841, the 
knowledge of the enormous deposits was spread abroad and no doubt in part 
through the influence of this report the historic old furnace was con- 
structed. More extended mention of it is made later on, but the purely 
scientific question of the relations of the ores to the wall-rock may be 
here discussed. The question is a quite different one from that of 
the ordinary lenticular deposits of magnetite, parallel to the laminations 
of gneisses. The ores are titaniferous in varying amounts up to a max- 
imum of nineteen per cent. The walls are a perfectly massive plutonic 
rock, consisting of little else than labradorite. At the mill-dam opening, 
where the wall-rocks are the best exposed of any, and on each side of 
twelve to fifteen feet of pure ore, they are of exactly this type and 
are perfectly unmetamorphosed. In the river bed near the iron dam or 
ledge of ore that makes a little reef, and at the mouth of Calamity 
brook, the ore is mixed through the rock in clots of all sizes, from that of a 
nut, upward. In the ore itself are found large plagioclase crystals of dark 
green color because so charged with dusty augites as to be opaque, even in 
thin section, and around the edge of each feldspar and separating it from 
contact with the ore is a rim of brown hornblende and biotite, up to an eighth 
of an inch (three millimeters) thick. These plagioclase crystals are almost as 
large as a man’s hand as a maximum, but they are usually one or two square 
inches in area, They are not strained, so far as my observation goes, and they 
show the twinning striae sometimes even to the unaided eye. The best place 
to study them is at the Sanford bed in the prospect opened up on. the hillside 
about a mile from the lake, approximately at No. 44. There seems no escape 


from considering thesé ores ‘as of true igneous origin, separated from a cooling 
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and crystallizing magma, and concentrated by those magmatic changes, 
regarding which we are accumulating many observations, but of whose causes 
we yet know little. This same view has been advanced in my previous 
reports for the smaller ores in gabbros and, as all familiar with the literature 
know, it is the explanation advanced in later years for the parallel occurrences 
of titaniferous ores in Scandinavia. It merely assumes an abnormal richness 
in favored localities of one of the normal but subordinate minerals of these 
rocks. Details of the size, composition and location of the ore-bodies are 
given in a subsequent paragraph. 

Series IV. There are no Palaeozoic sediments in the township. 

Series V. No diabase or other dikes have been met, but there is little 
doubt that such exist. 

Series VI. ‘There is a great deal of drift and gravel south of Tahawus 
post office, and from there to and beyond Newcomb post office. The borrow 
pits of the fine highway from Newcomb to Mr. Pruyn’s camp on Newcomb 
lake, give excellent sections and exhibit large boulders often mingled with the 
finer gravels. The boulders are all of anorthosites or related rocks that have 
been brought down in great quantity from the mountains on the north, and 
that supply the most convenient means of studying their varieties. 

Iron Mines. The only iron mines of the town are those around lakes 
Sanford and Henderson, which were opened about 1840. Rumors of the 
existence of the ore reached the settlements some five years or more earlier, so 
that an expedition was organized in 1836 and another in 1887, that went in to 
lake Henderson and brought back reports about the district.* The Natural 
History Survey of New York was organized at about this time and in the 
next few years the annual reports of Professor Ebenezer Emmons, who had 
charge of the work in this part of the State, make extended mention of the 
ores. Professor Emmons was profoundly impressed with their abundance and 
extent and regarded them as among the most important resources of the state. 
In his final report+ he gives a fairly complete description and urges their 
development. Soon after this a small blast furnace was erected, of five tons 
daily capacity, and some years later a larger one of twelve to fifteen tons, 
together with puddling furnaces and the necessary machinery for making bar 


iron.} The latter stack is still standing and the accompanying illustration is 


Science, i. XXXIII., 301. 
+ Report on the Second District, p. 244, 1842. 


See A. J. Rossi—Titaniferous Ores in the Blast-Furnace; Transactions American Institute of Mining Engineers, XXI., 
pp 832, 1893, Especially p. 885. 


PLATE XI 


NKOOP HALLENBECK CRAWFORDCO. 


VIEW OF THE BLAST FURNACE AT THE ‘' UPPER WORKS" ON LAKE SANFORD THIS FURNACE 
WAS BUILT ABOUT 1852; ITS LINES ARE GIVEN BY A. J. ROSS! (TRANS, AMER, INST. 


MIN, ENG. XXI, PAGE 837). PHOTOGRAPHED BY J, F. KEMP, 1894, 
SEE PAGE 608, 
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the working drawings of the furnace in his paper just cited. The furnace 
went out of blast about 1859, and the enterprise stopped after having been in 
operation fifteen or eighteen years, during which the manufactured 
iron made its labored exit to the markets by means of teams to Crown Point, 
some fifty miles distant. The expense of haulage proved too serious. The 
early promoters of the enterprise have found enduring memorials in the local 
geographic names, Henderson, Colden, McIntyre, etc. Emmons seems not 
to have known that the ores were titaniferous, nor so far as can be learned 
were the later operators, at least for some years, aware of this fact. In view 
of the great prejudice against titaniferous ores to-day this seems remarkable, 
because, so far as we know, these comparatively primitive furnace men found 
no difficulty in smelting the ores. The question of their peculiar properties 
and behavior in the furnace has been taken up in extensive experiments in the 
last two or three years by Mr. A. J. Rossi* with very encouraging results. 
With multi-basic slags and high percentages of TiO, in them 


say twenty 
to thirty-five—no trouble was met in a low small stack from their reputed 
infusible properties. The question is an interesting and important one, and it 
is much to be hoped that it may be solved in the large way and that these 
great reserves of titaniferous ore may be made available. 

The ore-bodies at present exposed are in the situations shown by the 
accompanying map. The map has been traced in outline from one that was 
made for the iron company about 1850 and that was engraved and printed. 
One of the few copies known to be extant was kindly loaned to me by Mr. 
James MacNaughton for this purpose. In transcribing, some topographic 
shading has been omitted, and one or two additional names, signs for mines, 
ete., have been introduced. With one or two corrections, the map is 
practically the same as that made and printed by Professor Emmons in his 
early report. The map of 1850, from which the present one here introduced 
was traced, is smaller than Emmons’s original. The long side of the latter is 
approximately twenty-one inches, while the long side of the former is fourteen 
inches. The present map is nine inches on this same line. 

An old opening is northwest of lake Henderson, but I have not seen it. 
A short distance below the Upper Dam, at the outlet of lake Henderson, is 
the Millpond opening, on a mass twelve to fifteen feet wide, striking nearly 
north and south and dipping about 75° E. Its location is shown approxi- 
mately by the crossed hammers. This was one of the chief sources of ore for 
the early furnace, so that a pit now remains about twenty-five feet or more _ 


* A.J. Rossi, Op. cit.; also, The Smelting of Titaniferous Ores ; *‘ The Iron Age,” Feb. 6 and 20, 1896. 
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on the strike and of depth not visible, as it is full of water. The wall rock is 
massive dark anorthosite, practically pure labradorite A line of strong 
attraction runs north and south along the east side of the Adirondack river. 
There is a little show of ore where it crosses Calamity brook, but the amount 
visible is not great. I was informed by Mr. Buttles, who was in charge of the 
‘club house, that it had been opened at the north, where the word 7ron-ore 
appears on the map. The “Iron Dam,” so widely known in connection 
with the region, crosses the river just above the present club house, and 
shows as a black strip, striking approximately N. 25° E. The ore is more or 
less mixed with anorthosite and appears to be an integral part of the rock. 
In the rear of the ice houses that stand to the west and a short distance back 
of the club house, there are openings on another body of ore which is revealed 
in a small excavation. A breast several feet across is exposed. The strike is 
somewhat indefinite, but the ore bears westerly into the hill. — 

This entire belt of ore along the river may perhaps be considered as a 
single one of many individual masses. The ore afforded was called “ Black 
Ore,” and the name is still perpetuated on the map given above. Professor 
Emmons regarded the belt as essentially a single one with many individual 
masses separated by intervening walls of rock. He also states that 
“hypersthene, labradorite and small masses of serpentine” were the only 
foreign admixtures. It is of mineralogic interest that he cites one or two 
inclusions of pyrites, the size of a butternut, for sulphides are very rare in 
titaniferous ores. Professor Emmons gives the extreme width of the belt as 
over 700 feet, and its length as 3,168 feet. Its general character of large 
masses in the midst of wall rock which is also massive, lends itself to an 
interpretation of igneous origin with greater readiness than to any other. 
Great quantities of ore were obtained from the float for the early furnace. 

Ore from the Millpond opening was largely used by Mr. Rossi in his 
experimental run, and several analyses have been published by him to which 
are added two that I have received directly from him. The analyses show 
that the percentage in titanic acid is quite variable, ranging in round numbers 
from ten to twenty. The percentages in iron hold at very good values, and 
the phosphorus and sulphur are extremely low. The alumina and silica are 
in small amount in the first two and suggest the presence of labradorite, but 
the high alumina of the third is difficult to explain on any other supposition 
than that some form of spinel is in the ore. 'Titaniferous ores high in alumina 
have been met in Westport township, and the same inference is still more 
strongly suggested by them. 
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After engaging a guide and a boat, | rowed down the river and coasted 
the east shore of lake Sanford to a point somewhat east or south of east from 
Big island. We then walked about three-fourths of a mile up hill to the east, 
to an opening on the Sanford ore-bed, very near the location of the crossed 
hammers on the map. Considerable ore had been blasted and taken away a 
short time before. The location was about 300 feet above the lake. A breast 
about thirty feet wide by fifteen feet high was exposed with no wall rock 
appearing. It apparently trended northeast, as I followed float ore with no 
outcrops for a hundred yards. All the loose surface rock met was anor- 
thosite. The ore both in the lump and in the breast ‘contains occasional 
crystals of green plagioclase, in instances three or four inches in diameter. » 
They show the characteristic situations, but are so thickly charged with 
minute green augites that a millimeter from the edge, as shown by thin 
section, they are practically opaque. Each is surrounded by a reaction rim, two 
to three millimeters wide, of biotite and brown hornblende, so that in no case 
does the feldspar actually touch the ore. They are extremely curious and 
interesting phenomena. Undoubtedly the feldspars are original crystalliza- 
tions from the igneous magma precisely like the ore itself, and becoming 
involved in it, these rims of minerals of intermediate composition were 
produced by the reaction of the two on each other. Some samples of ore 
have given curiously high percentages of alumina, and, as earlier remarked, 
these included feldspars are in part responsible for it.. 
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The open cut gives no indication of the actual size of the ore-body except 
so far as the failure to reach the walls implies that it is large. <A line of 
attraction has been traced down to the lake, however, across it and on the 
other side where the name Sanford appears again. A second line of attraction 
has also been noted crossing the lake further south. 

In Professor Emmons’s day, four sections were uncovered on the east side 
of the lake, across this vein by trenching. The longest were 564 feet and 610 
feet respectively, and they exposed ore with occasional streaks of rock for the 
entire distance. These trenches have long since become filled in, but there is 
no doubt that the supply of ore is enormous. By the heavy lines running 
into the Sanford ore-bed I have endeavored to locate these trenches as 
accurately as possible from the descriptions of Professor Emmons. Were 
mining again begun, the Sanford ore would naturally be the one first attacked 
and the indications are favorable to many years of open cut work above the 
level of the lake. 

_ The composition of the ore is shown by the following analyses of which 
the first four are given by Mr. Rossi in the Zron Age, February 6, 1896 : 


| | | | »8e | go 2 
nae |e [area | eat | oka laee 
| | | | Oz | a & 
SiO, | 0.87) 2oedeeeercage dg 340) 15505 
TiO, . 10.91 | 20.03 | 19.52 | 18.70 | 14.52] 4.0 | 47.50 
Al,O, 0.58 | 3.50] 4.00 | 5.81 | 
CaO | | | | 
MgO. / | 
MajO phe 2 | | | | | 
FeO, . . .| 87.60 | 70.78 | 70.80 | 71.03 | 
eka ee | | 0.022 | | 
Ss 220) 7 mone | 0.028 | 
Fe . . . .| 62.65 | 51.99 | 51.30 | 51.44 | 56.60 | 62.66 | 36.86, 


Experimental attempts to concentrate the ore with magnetic machines 
were made some years ago in the hope that the richly titaniferous portions 
could be separated from the non-titaniferous, on the assumption that the 
latter variety was more highly magnetic than the former. All such experi- 
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ments are of course based on the supposition that titaniferous ores are 
mechanical mixtures of normal magnetite with ilmenite, but there is little 
reason to doubt that where the percentage of TiO, is considerable, say ten 
and above, the mixture is either so intimate as not to be economically broken 
up, or else it is actually a chemical combination in the nature of ilmenite or 
some related mineral. Mere magnetism dees not preclude titanium, for O. A. 
Derby has found in Brazil, natural lode-stone with twenty per cent. TiO,. 

Indications of ore have been met across the divide to the east of the 
Sanford ore-bed and in the watershed of the Opalescent river. I have not 
visited the locality, as but little work has been expended on it and none in 
fact since the early operations. 

About a mile west of lake Sanford is the Cheney ore-bed that presents 
some differences both in composition and in wall rock from others. Professor 
Emmons, on Plate III of his report, calls the wall rock “sienitic,” but it 
really is a gneissoid variety of gabbro, having a laminated structure visibly 
developed, while the minerals are those of the familiar gabbros of the 
region. Dark silicates are much more abundant than in the anorthosites that 
form the walls of the other veins. I did not personally visit the Cheney 
exposure, but specimens of the ore and wall rock were obtained by Mr. James 
MacNaughton and kindly furnished to me. I understand that forty or fifty 
feet of ore are exposed without showing the walls. The following analyses 
illustrate the composition. They were published by Mr. Rossi in the 
Iron Age, February 6, 1896. 


WILBUR. Rossi. 
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The ore runs higher in phosphorus and sulphur than any of the others 
yet analyzed. Mr. Rossi has also noted in his experiments, indications of the 
presence of vanadium, which has been recognized both in Scandinavia and in 
New Jersey as one of the characteristic ingredients of titaniferous ores. The 
high alumina in the second analysis, much above any aluminous silicate that 
might be present, is worthy of note, and the same is true of the lime. Some at 
least of the magnesia is combined with iron oxide and silica to yield hyper- 
sthene; some perhaps with lime and alumina for augite. Some of the lime 
may be united with silica and titanic oxide to give titanite and some with 
alumina and silica to form labradorite; but in whatever way the combinations 
are worked out, there remains an excess of alumina and lime, so that the 
probability of spinel being present is heightened. 

Professor Emmons mentions other ore-bodies whose presence was demon- 
strated in his time, viz., a vein of “fine-grained” ore about eighty rods east of 
the works. It would be on the map at or near the southern prolongation of 
the “ Black Ore” belt, but as he states (page 254) that it was 150 feet across 
and 5,742 feet long, it must be distinct from this vein as mapped. He also 
cites much float-ore along East river (now called Calamity brook). Since his 
time float-ore has also been located to the northwest toward the Preston 
ponds. The magnetic surveys of Mr. Sebenius have indicated strong attrac- 
tion under the lake and on its shores south of the Sanford belt, and still 
additional localities of attraction have been met near the Lower Works (now 
called Tahawus post office) in the gneissoid rocks of that section. In fact, 
the more one collates the accumulated data, the more one shares in Professor 
Emmons’s impression of the large amount of ore that is present. 

For the ore-bodies in the massive anorthosites, the only conception that 
fits their mineralogic character and geologic associations is that they are 
great bodies of titaniferous iron oxides, segregated from a vast plutonic magma, 
through whose crystallized substance they are now distributed in broad and 
somewhat roughly outlined belts. All gradations can be found from pure 
metallic oxides to pure masses of labradorite. 

As regards their future development, if brought about, it will be by 
means of an extension of the Adirondack railroad up the valley of the 
Hudson, along the route that can be easily traced on the maps of Minerva 
and Newcomb. The grades are gentle and the engineering difficulties are 


slight. 
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SECTIONS AND THICKNESS OF THE LOWER SILURIAN 
FORMATIONS ON WEST CANADA CREEK AND 
IN THE MOHAWK VALLEY. 
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James Hatt, State Geologist. 


Srr:—The accompanying paper gives a detailed account of the rock 
sections at various localities in the West Canada creek and Mohawk river 
valleys. The results obtained serve to show that the Calciferous sandrock 
and Utica slate have a much greater thickness than that noted in previous 
descriptions of these formations. 


Respectfully yours, 
CHARLES. S. PROSSER, 
EDGAR R. CUMINGS. 


Union Contiecr, Scurnrcrapy, N. Y. 
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Sections and Thickness of the Lower Silurian Formations on 
West Canada Creek and in the Mohawk Valley. 


By Cuaruxrs S. Prosser. and Enear R. Cuminas. 


ConTENTs: Introduction, p. 619. Trenton Falls, p. 620; Section of Trenton Falls gorge, p. 620. 
The Newport Sections, p. 627; Section of the Newport railroad cut, p. 627; Section of the Moshier 
quarry, p. 631. uttle Falls, p. 682; Section northeast of Little Falls, p. 633; Section of the Cook 
quarry, p. 636. Canajoharie and Palatine Bridge, p. 637; Shaper quarry, p. 637; Canajoharie creek 
section, p. 638; The Mohawk Valley Stone Co. quarry, p. 640. Sprakers, p. 641; Flat creek section, 
p. 641; West Shore railroad-cut section, p. 642; Section at Yosts, p. 648. Tribes Hill and Fort 
Hunter, p. 644; North side of the Mohawk, p. 644; South side of the Mohawk, p. 646. The Amster- 
dam-Hoffman Region, p. 647; Section along Morphy creek to the top of Adebahr hill, p. 647; 
Minaville section, p. 649; The Eva’s kill section, p. 652; Section opposite Crane’s Village on the 
south side of the Mohawk river, p. 653; Hoffman and Van Epps hill section, p. 655; Patterson- 


ville section, p. 656. 


InrRODUCTION. 


A recent paper describing the geology of the vicinity of Trenton Falls 
contains this statement: “The writer was unable to find a detailed tabula- 
tion of the stratigraphy or local geological boundaries of the type section 
[of the Trenton formation |.” * 

In that paper its author has given a detailed account of the strati- 
graphy and faunas of the various zones along the gorge of West Canada 
creek, at Trenton Falls, based upon extensive collections of fossils from the 
entire length of the gorge; these were carefully identified and assigned to the 
various zones into which he divided the section. In a recent examination of 
the gorge, made by the writers, some differences in the stratigraphic details 
were noted, and in order that the description of this interesting formation at 
its typical locality may be as accurate as possible, it is considered advisable 
to publish the following section and, in addition, to give some account of the 
formations in the vicinity of Newport on West Canada creek, which were 


also described by Mr. White. 


* The Faunas of the Upper Ordovician strata at Trenton Falls, Oneida Connty, New York ; by Theodore G, White. Trans. 
actions New York Academy of Sciences, Vol. XV, April, 1896, p. 71. 
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Trenton FAtts. 


The rock section begins near the southern end of the path on the western 
side of the gorge and extends to the top of Prospect quarry, a distance of 
about two miles. The path may be followed for a short distance below the 
hotel stairs; but the lowest rocks, stratigraphically, are exposed in the 
Narrows above this point. At the water level below the hotel stairs, is the 
base of Mr. White’s section D of station No. 130, which also extended from 
this locality up the gorge to the Prospect quarries. Section C, No. 130, on 
the eastern side of the gorge below Section D, was studied by Mr. White, 
but apparently no considerable thickness of lower rocks was found. 


Section of Trenton Falls Gorge. * 


A’. The lowest rocks exposed along the path on the western side .f®%'a, 
of the gorge, are twenty-four feet thick at the Narrows, and on account 
of the heavy dip down stream, show only the upper eleven feet at the 
southern end of the path. The upper part is composed of thin layers, three 
to five inches thick, which form a somewhat clearly defined band two and one- 
half feet thick. This is Nos. 3 and 2 of White’s section. Below this band 
are similar limestones with shaly fossiliferous partings. In the Narrows, the 
lowest layers are compact bluish grey, thin-bedded limestones, interstratified 
with coarser-grained layers containing numerous well-preserved specimens of 
Monticulipora (Prasopora) lycoperdon. The more compact layers are 
unfossiliferous. In the Narrows are shown Nos. 3, 2 and 1 of White, and 
apparently about thirteen feet of lower rocks. 


1. Monticulipora (Prasopora) lycoperdon, (Say). (aa)+ 
2. Orthis (Dalmanella) testudinaria, Dal. (r 
3. Plectambonites sericea, (Sowb.), Hall and Clarke. (2) 
4. Ceraurus pleurexanthemus, Green. (r) 


5. Crinoid segments. 

A’, Heavy bed of compact, regular, thin-bedded, very dark blue ,Fe*,, 
limestone, from eight to ten feet thick, which separates into layers from three’ 
to ten inches in thickness, divided by shaly partings. This heavy bed is 
prominently shown along both sides of the gorge from the southern end of 
the path on the western side, to the upper part of Sherman fall. At the end 


of the path, where the rods are placed, the base of this bed is about eleven 


* Station No, 48, Section A. Union College Survey. 
+ The relative abundance of the species is indicated in the following manner: a = abundant; aa = very abundant 3; ¢ = com: 
mon ; T= rare ; r= very rare, when but one or two specimens have been found. 


ProssER AnD Cumines—Lowerr Sirurran Sections. 
SECTION FROM 
FOOT OF TRENTON FALLS GORGE 
TO PROSPECT QUARRY 


7 a 
Ses + > <r th 4 
ze qe ae ne BS : 
8g Re ae AS cS) ae 5 
pe fe Ey = = 2 
Ap Wy if 1 y R mats ‘ RK rae T ‘Sanaa 
is = SCAR aT = HAA ee ou an AMD Hane ba TH I = " ! 
i EHF 1H OT OHBo TY nu MA ONAN ee 
Aree aint ee cee 
ACUI TAL A HBL HHT 
AIS LE Hn AE 
F sea U es lolatade fad sBalisilegintulabeluteletelsbate ingntsteletis H ailaict| 
iS c=. oy 8 ae 
Ee ae @ Me , 
S 2 : (ee 
in Sus en y eS $ Pec 
ATO WI AAA int THO 
ul cern RELA uv GC EME i CAAT ELH LL 
SE ET na Cr i a 
al HE Heer nih itt iithibelatetodalstils li iistulutst HH Milahilads HH adadetataleletalsetalale TE 
sas 8 Fa 
=. 


§22 Report oF THE STaTeE GEOLOGIST. 


feet above the creek level. A little above, is the foot of the hotel stairs on 
the heavy bed two and one-half feet above its base. Opposite the hotel 
stairs, this bed is not as sharply shown as in the gorge above, on account of 
the presence of soil and debris, but it has a thickness of at least eight feet. 
Rather more than half way from the hotel-stairs to Sherman fall, the gorge 
becomes very narrow and may appropriately be called the Narrows. This 
part of the glen is well shown in Darton’s picture of the “Lower Gorge at 
Trenton Falls.”* At the Narrows the dip is 8° S., but it is variable. in this 
part of the glen. At this point the base of A® is twenty-four feet above the 
creek level, giving the greatest thickness of the lower rocks found in this 
part of the gorge. This heavy stratum is readily followed along the side of 
the gorge from the hotel stairs to the Narrows, and may be traced by the eye 
along the eastern bank nearly all of the distance to the place where it forms 
the conspicuous bed in the upper part of Sherman fall. Its base is the 
second noticeable line below the top of the eastern part of Sherman fall. 
This bed was also traced along the western bank from the Narrows to Sher- 
man fall, where it meets the same bed of the eastern side in the mural front 
ot the fall. At the Narrows and in the cliff opposite Sherman fall it has a 
thickness of ten feet. This zone is No. 4 of Mr. White’s section, which he 
described as it occurs at the hotel stairs, but he failed to trace it up the gorge 
to Sherman fall. White’s No. 7, described as “the broad seam seen in 
Sherman fall,” is the same as his No. 4; and Nos. 5 and 6, given as between 
Nos. 4 and 7, belong below No. 4. 

A®, From the top of the heavy bed to the base of the dark blue ,F%*, 
massive stratum above Sherman fall. The rocks consist of thin layers of 
limestone with shaly partings and are well shown in the cliff along the path 
opposite the top of Sherman fall. In the upper part, corresponding to D” 
of White, are abundant fossils, as may be seen from the list below. 


1. Monticulipora (Prasopora) lycoperdon (Say). () 
2. Diplograptus amplexicaulis, Hall. (7) 
3. Trematis terminalis (Emmons), Hall. (r) 
4. Rafinesquina alternata (Con.), H. and C. (7) 
5. Strophomena ct. Scofieldi, Winch. and Schuch.+ (r) 
6. Orthis (Platystrophia) biforata (Schl.), Bill. (r) 
7. Orthis (Dalmanella) testudinaria, Dal. (c) 
8. Plectambonites sericea (Sowb.), H. and C. (an) 


*Thirteenth Annual Report of the State Geologist [New York], 1894, p. 11. See also Plates I and II of the present paper. 
+ Kindly determined by Professor J. M. Clarke. 
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9. Zygospira recurvirostra, Hall. (c) 
10. Bellerophon bilobatus (Sowerby). (r) 
11. Asaphus platycephalus, Stokes. (c) 
12. Calymene callicephala, Green. = C. senaria, Con. (¢) 
13. Ceraurus pleurexanthemus, Green (?). (r) 


This zone includes Nos. 8, 9 and 10, of White, the combined thickness of 
which is twelve feet, the same as that in the present section. (Plate IIT.) 

A‘. A stratum of massive dark blue limestone conspicuous in 4™% 
the side of the gorge along the path above Sherman fall, varying in thickness 
from two feet, seven inches, to two feet, ten inches, called for convenience 
in the general section, three feet. On weathering, the stratum splits into thin 
irregular layers similar to those immediately above and below. This promi- 
nent stratum is a convenient stratigraphic mark for this part of the section 
and is clearly shown in Figure A Plate IV, of White’s article, where it is 
described as D" of his section. 

A’. The heavy blue stratum may be readily followed to the foot ;."8%x5 
of the lower fall of High fall, and A® includes the rocks from the top of 
this layer to the base of a conspicuously contorted stratum opposite the top 
of the lower fall of High fall. The rocks are thin and shaly in the upper 
part with thicker layers in the lower part. 

A®. From the base of the contorted stratum to the crest of the 5," 
upper part of High fall. The folded stratum is well shown in Figure A, 
Plate IL], of Mr. White’s article. The rocks are thin-bedded. Both the 
lower and upper portions of High fall, or zones A® and <A® of this 
section, are shown in the accompanying plate (IV). The following species 


were collected in A®°: 


1. Monticulipora (Prasopora) lycoperdon (Say). (c) 
2. Stictopora, sp. . 
3. Lafinesquina deltoidea (Con.), H. and Cr (aa) 
4. Orthis (Platystrophia) biforata (Schl.), Bill. (r) 
5. Orthis (Dalmanella) testudinaria, Dal. (aa) 
6. Plectambonites sericea (Sowb.), H. and C. (aa) 
7. Tellinomya dubia, Hall. (1) 
8. Endoceras proteiforme, Hall. (c) 
9. Cyrtoceras, sp. (2) 
10. Asaphus platycephalus, Stokes. (az) 
11, Crinoid segments. 
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A’. From the crest of the upper part of High fall to a stratum 92g; 


at the top of the small fall below the Adirondack railroad bridge the rocks 
have a thickness of ten feet and two inches. A somewhat conspicuous 
stratum, near the crest of the upper part of High fall, may be followed 
along the bank as far as the bottom of the small fall below the railroad 
bridge. The rocks are thin-bedded, rather coarse-grained and fossiliferous. 
Zones A®, A® and A‘ of the present paper, with a total thickness of 138 feet, 
are approximately equivalent to zones D®, D®, D¥, D® and D"®, of White, with 
a total thickness of 166 feet. The greater part of this difference is in 
the thickness of the rocks forming the lower part of High fall, which 
measure by the Locke level seventy-seven feet, while they were estimated as 
107 feet in thickness by Mr. White. 


1. Orthis (Platystrophia) biforata (Schi.), Bill. (a) 
2. Orthis (Dalmanella) testudinaria, Dal. (c) 
3. Rafinesquina alternata (Con.), H. and C. () 


4. Crinoid segments. 

A’. This zone extends from the stratum noted at the top of the ;7&%,, 
falls, just below the Adirondack railroad bridge, to the base of the massive 
crystalline limestone which forms the upper part of the cliffs above the 
‘allroad bridge. At this bridge is an excellent locality for measuring its 
thickness, the base being ‘marked by the rather heavy stratum which may be 
' traced from the top of the small fall below the railroad bridge to the vicinity 
of the railroad pier; and its top by the base of the massive limestone out- 
cropping near the top of the cliff under the railroad bridge. This zone, 
capped by the massive limestone, forms the sides of the gorge from below 
the railroad bridge to Prospect village. It corresponds with zones D'8, D®, 
D*, D* and D*, of White, which were given as approximately eighty-seven 
feet in thickness. They are thin-bedded, compact limestones, part of the 
strata somewhat crystalline, separated by shaly layers. This zone contains 
numerous fossils, some layers having large numbers of Orthis (Dalmanella) 
testudinaria, At Prospect, along the sides of the creek from a little distance 
below the falls to the highway bridge, is a good place for collecting. The 
surfaces of some of the highly inclined layers, by the side of the creek just. 
above the highway bridge, show a large number of fragments of Asaphus 
platycephalus. At the upper end of the gorge the rocks are very much 
tilted, exhibiting the greatest amount of folding seen in any part of the gorge. 
The cliff on the eastern side of West Canada creek above the Adirondack 
railroad bridge is well shown in Plate V. The massive crystalline 
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limestone of A?® forms the upper part of the cliff, while the thinner lime- 
stones of A*® form the middle and lower part of the cliff. The following 


species were collected in A‘. 


1. Monticulipora (Prasopora) lycoperdon (Say). (c) 
2. Hscharopora recta, Hall. (1) 
3. Trematis terminalis (Emmons), Hall. (7) 
4. Lafinesquina alternata (Con.), H. and C. (c) 
5. Rafinesquina alternata var. nasuta, Con. (1) 
6. Rafinesquina deltoidea (Con.), H. and C. (r) 
7. Strophomena cf. Scofieldi, Winch. and Schuch. (7) 
8. Orthis (Platystrophia) biforata (Schl.), Bill. (c) 
9. Orthis (Dalmanella) testudinaria, Dal. (aa) 
10. Plectambonites sericea (Sowb.), Hall. (a) 
11 Zygospira recurvirostra, Hall. (2) 
12. Asaphus platycephalus, Stokes. (c) 
13. Calymene callicephala, Green. (c) 
14. Ceraurus pleurecanthemus, Green. (1) 
15. Leperditia fabulites, Con. () 
16. Hndoceras proteiforme, Hall. (7) 
17. Orthoceras, sp. (r) 
18. Bellerophon bilobatus (Sowerby). (1) 
19. Dendrocrinus gracilis (Hall). (aa) 


20. Crinoid segments. 

A®, Massive grey Trenton limestone of the Prospect quarries, 4°, 
twenty-six feet thick in quarry on north side of creek near Prospect, burned 
for quicklime and also used as a construction stone. It forms the top of the 
steep cliffs along the upper gorge from the Adirondack railroad bridge to a 
point above the highway bridge at Prospect. This massive crystalline lime- 
stone in moderately thick layers, contains numerous fragments of fossils, 
though the number of perfect specimens is small; while in the thin, black, 
shaly layers fossils are common. This zone corresponds to D”, of White, 
which is given as twenty feet thick. Conrad, in 1837, stated: “North of 
Trenton Falls there is a capping of grey crinoidal limestone,”* and he 


undoubtedly referred to this division of the Trenton limestone. 


1. Monticulipora (Prasopora) lycoperdon (Say). (a) 
2. Stictopora ct. acuta, Hall. : (7) 
3. Dendrocrinus gracilis (Hall). (c) 


* First Annual Report Geological Survey, Third District, New York (Assembly Document No. 161), p. 164. 
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4. Rafinesquina alternata (Con.), H.and C. (ec) 
5. Rafinesquina deltoidea (Con.), H. and C. (c) 
6. Orthis (Platystrophia) biforata (Schl.), Bill. (a) 
7. Orthis (Dalmanella) testudinaria, Dal. (a) 
8. Plectambonites sericea (Sowerby), H. and C. (c) 
9. Zygospira recurvirostra, Hall. (r) 
10. Asaphus platycephalus, Stokes. (ce) 
11. Calymene callicephala, Green. (c) 
12. Ceraurus pleurecanthemus, Green. (r) 
13. Murchisonia gracilis, Hall. (r) 


14. Orthoceras. 


The total thickness of this section from the lowest exposures in the 
Narrows to the top of the Prospect quarries, as determined by the authors 
with tape and Locke level measurement of the various parts, is 270 feet.* This 
amount, however, does not give the thickness of the formation, since neither 
its top nor bottom is shown at Trenton Falls. The thickness of the same 
section, as given by Mr. White, is 325 feet,+ while Mr. Darton stated: “The 
greatest development of the Trenton which I have observed is at Trenton 
Falls, where there appears to be a thickness of 120 feet."} In 1838, Vanuxem 
said “at Trenton Falls, the thickness is upwards of one hundred feet,”$ 


though in his final report he simply states that the sides of the gorge are 


* Recently the writer partly remeasured the section using an Abney’s level and obtained the same result, 187 feet, for the thick- 
ness of the rocks from the creek level in the Narrows to the top of Mill Dam fall. The thickness of the rocks from the foot of 
High fall to the top of its lower part, is sixty-seven and one-half feet; to the contorted layer, eleven and one-half feet more ; from 
the base of the upper part of High fall to its crest, forty-eight feet; and from that stratam to the top of Mill Dam fall, twenty- 
twe feet. From the foot of the ra:lrosd pier, which rests on the top layer of Mill Dam fail, to the base of the massive crystalline 
limestone. I obtaimed sixty-two feet, making the total thickness of the section 275 feet. c.s P. 

{Transactions New York Academy of Science Vol. XV, pp. 79 and 8). On page 89 the total thickness of the upper and 
middle Trenton hmestone st Trenton Falls is given at 336 feet ; while on page 81 it is stated that the total thickness of the typical 
‘Trenton Falls section is 318 feet 10 inches. However, in this latter place. if the sixteen feet in the zones repeated in the lower 
part of the section be omitted, it will leave ten feet six Inches instead of “ twenty-six feet six inches below D7 ™ as stated by Mr. 
White. In his later paper on “ The Original Trenton rocks “ (American Journal of Science, Fourth Series, Vol. I, December, 
1896, page 430) Mr. White gives 335 feet for the Trenton Falls section. Since the above was written I have received a letter 
from Mr. White. in which he states that his section was thirty feet tow thick, because he mistook “a blurred 6” in his note 
beok fora He further said that the following corrections shoald be made on pp. 78 and 79 of his article: 


Total thickness. 
Feet. 
“DEB, = ‘i < = S . Fe . . = . : - . : - = “= < fn 106 
DY, . 2 ee Te LS he 
DS shotld read extending tothe top of upper portion of High fall, Ee a oe ene aie 
D*, after third fall insert (Mill Dam fall), - < . = - . = t x 1 
De eee whieh i ot SE ee CE) en Be Se ee es ORs a 
DE, . = aS Sr a re Se 
DR 8 we om ep ec eee ee ees 
Dy . = - = = . = 2 = H 2 £ ~ _ S = « = - . 198 
DD“. for Mill Dam read Alhambra, = = k » 2 = i - 2 S = . = < 199 
je re ee ee Se 
2, ea. ee eee ee, os Wh a ee ea | 


After making the above cozrections it will be found that the rocks from the base of High fall to the top of Mill Dam fall 
have nearly the same thickness in both sections, 135 feet in White's, and 138 feet in that of Exes pat aetna cs. PL 


+ Thirteenth Annual Report State Geologist [New York], 189, p. 43. 
§ Second Annual Report Third District (Assembly Document, 1838, No. 200), p. 275. 
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vertical “with an average height of over one hundred feet,”* and does not 
give the thickness of the section. An earlier and quite accurate estimate was 
made by James Renwick, who briefly described the geology in a paper read 
in November, 1824, saying: “'The river has worn itself a passage through the 
rock for the distance of nearly two miles, forming a series of water-falls, and 
has thus laid open to view the strata to a depth of probably 3800 feet.”+ 


Thr Newport SEcrrions. 


In Newport township, some eight miles southeast of Trenton Falls, are 
interesting exposures of the Calciferous sandstone, Birdseye and Black river 
limestones. One of these is along the western bank of West Canada creek 
and the cut of the Adirondack railroad, two miles above Newport village, and 
one and one-half miles below Poland. At this locality the railroad is near 
the bank of the creek and the cut is about 150 yards north of the fifteenth 
mile-post. This section was described by Mr. White under the title of the 
“ Poland lime kiln section, No. 130 A.” t 


Section of the Newport Railroad Cut. 


Along the bank of the creek and at the southern end of the railroad 
cut is the following section : 

AXLIX L', Nearly opposite the fifteenth railroad mile-post, in [4 
the bed of the creek and exposed about one foot above the level of the 
water, is a heavy stratum of calcareous sandstone. The lithologic character 
of this rock is like the Calciferous sandrock, to which formation it is referred. 
An analysis of a specimen, from this stratum, by Mr. Edward P. McKeefe, 


of Union College, gave the following result : 


SiO, er eee natn ee ek elit! es) |e ST ACOTpereent, 
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99.89 per cent. 
5°. Transitional layers from the Calciferous sandrock to the 17°, 
Birdseye limestone. Thickness not accurately determined on account of the 
high water. The upper six feet of this zone are composed of two layers of 
impure limestone which are conspicuous in the lower half of the bank 


* Geology of New York, Part IIT, 1842, p 52. 
+ Annals Lyceum Natural History, New York, Vol. I, Part I, 1824, p. 185. 
+Transactions New York Academy of Sciences, Vol. XV, April, 1896, pp. 82-84. 
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At the northern end of the railroad cut west of the track is the following 
section : 

No. 1. Mixed drab Birdseye limestone and slate-colored, impure 72% 
limestone. A little farther down the track all this zone will be found to 
have changed to the typical Birdseye limestone. This shows the variation in 


the lithologic character of the Birdseye when followed only a short distance. 


No. 2. Massive layer of somewhat impure Birdseye limestone *} '?_% 


from one foot to one foot and four inches thick. Vertical tubes similar to 
those in the more typical Birdseye. This layer forms the top of the Birdseye 
in Mr. White’s section. 

No. 3. Clear, bluish-drab, typical Birdseye limestone in two 3%} 
layers. 

No. 4. Black river limestone. Dark, bluish-black, fine grained %_4¥ i} 
and lumpy, weathering to a grey mottled with blackish spots. Very distinct 
line between the base of the Black river limestone and the Birdseye. 

It will be noticed that the above sections do not agree closely with that 
described by Mr. White. The greater part, if not all, of the eight feet 
referred by White* to the Calciferous formation is in the zone which has 
been called, in this paper, transitional from the Calciferous to the Birdseye. 
Apparently, the ledge of Birdseye limestone below the railroad was not 
noticed by White, for it is stated that the ten feet between the top of the 
so-called Calciferous and the base of the Birdseye on the west of the railroad 
cut is covered by debris. In the railroad cut Mr. White drew the line of 
division between the Birdseye and Black river limestones through the 
Birdseye limestone at the top of No. 2 of our section, at the northern end of 
the cut. White described this stratum, which may be traced for the entire 
length of the cut, as “a bed one foot thick, somewhat crushed on the 
surface, which weathers yellow.” However, there are five feet of typical 
Birdseye above this layer which White referred to the Black river limestone 
as No. 6 of his section and described as “two heavy barren beds of dark 
colored, compact limestone, five feet” in thickness. When these beds are 
referred to the Birdseye limestone its thickness is ten feet and ten inches at 
the northern end of the cut, and nine feet and six inches at the southern end — 
instead of five and one-half feet, as stated in his section. Nos. 7 and 8 of 
White’s section belong in the Black river limestone, for which he gave a 
thickness of six feet and nine inches. 


* Op. cit., p. 82. 


Prosser anp Cumincs—Lower SimuRIAN SECTIONS. 631 


Section of the Moshier Quarry. 

About one-half mile north of Newport is an extensive quarry known 
as the Moshier, in which both the Birdseye and Black river limestones are 
quarried. 

AXLIX A‘. The Calciferous sandrock is shown in a railroad cut near 
the Newport station and it may also be seen at various places in the 
field between the cut and the quarry. Only the upper part of the formation 
is shown, however, and its thickness was not determined. 

A*, Compact, drab limestone in the lower part of the Moshier fs 
quarry, at its northern end and near the railroad level. The rock 1s similar 
to the typical Birdseye limestone to which it is referred. The contact 
between the Calciferous sandrock and the Birdseye limestone not shown. 

A’. An arenaceous stratum from ten inches to one foot thick, fe, 
which splits into layers from two to three inches in thickness. Somewhat 
like the Fucoidal subformation of the Calciferous. 

A‘, Typical drab-colored Birdseye limestone extending to the top g3/""ta5, 
of the lower quarry. 

A’. Partly covered Birdseye between the lower and upper ; =i, 
quarries. 

A®, Massive Birdseye limestone forming the lower half of the , *%y, 
western wall of the upper quarry. It is a drab, compact rock that weathers 
to a light grey and splits into layers that are thinner than those in the Mohawk 
valley. This is the top of the Birdseye and the line of division between it 
and the Black river limestone is. beautifully shown in the eastern and 
southern parts of the quarry. 

vA The Black river limestone, bluish-grey, breaking into lumpy 5f°%, 
blocks, is composed of two massive layers in the Moshier quarry, the lower 
two feet and six inches and the upper three feet thick. The following fossils 
were collected : 


1. Monticulipora (Prasopora) lycoperdon (Say). (c) 
2. Columnaria alveolata, Goldf. (c) 
3. Rafinesquina alternata (Con.), Hall and Clarke. (c) 
4. Cypricardites cf. obtusus, Hall. (1) 
5. (2) Nucula levata, Hall. (r) 
6. Raphistoma cf. americana, Bill. (r) 
1. Leperditia fabulites, Con. (r) 

. Asaphus platycephalus, Stokes. (r) 


8 
9. Streptelasma cf. profunda, Hall. (7) 
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In a ledge a short distance southeast of the Moshier quarry is an 
exposure of ten and one half feet of Birdseye limestone. From this ledge and 
the upper part of the Moshier quarry the following species were collected : 


1. Phytopsis tubulosa, Hall. (c) 
Small specimens similar to figures 1, le, Pl. 8, Pal. N. Y., Vol. L 
2. Murchisonia ef. varicosa, Hall. (r) 
3. Orthoceras multicameratum, Con. (c) 
4. Modiolopsis sp. (r) 


5. Rafinesquina alternata (Con.), Hall and Clarke. (c) 
6. Leperditia sp. 

A specimen from the upper part of the Birdseye limestone at this 
locality was analyzed by Mr. McKeefe, with the following result : 


SiOg cc Ao Oa eee get)” 4.50 per Gene 
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100.95 per cent. 

All of the limestone shown in the lower part of the Moshier quarry is 
considered as belonging in the Birdseye, which gives the subformation at this 
locality a thickness of at least twenty-two and three-quarters feet. Emmons 
stated that the thickness of the Birdseye to the northwest in Jefferson 


county, was “not far from thirty feet.”* 


Lrrrte Fats. 


Thirteen miles southeast of Newport in the Mohawk valley, is Little 
Falls, a locality famous alike for its natural scenery and geologic structure. 
The section is introduced here in order to give the thickness of the Caleif- 
erous sandrock and to show the decrease in thickness of the Trenton 
limestone as compared with that at Trenton Falls, only twenty-two miles 
to the northwest. At this place is the upper gorge of the Mohawk river, 
where the falls and the lower part of the cliffs are composed principally of 
gneiss, which has generally been referred to the Laurentian system of the 
Archaean. The gneiss is excellently exposed in the cliffs on the northern | 
side of the river along the tracks of the New York Central railroad, in the 
eastern part of the city, as may be seen in Plate VI. Above the gneiss are 
steep walls of Calciferous sandrock which are especially conspicuous on the 
southern side of the river opposite the railway stations. 


* Geology of New York, Part a. 1842, p. 385. 
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Section Northeast of Little Falls. 


The following section begins at the river level below the falls in the 
eastern part of Little Falls and continues northerly for about two miles, 
nearly to the summit of the general elevation for that region. 

ALVIT B. The Laurentian rocks composed principally of 29§°%s 
eneiss have a thickness of 203 feet as determined by tape and Locke level 
measurements. The barometric readings gave 200 feet of the gneiss and 
this part of the section may be divided as follows: From the river to the 
New York Central railroad, forty feet of garnetiferous gneiss, the base of 
which is well exposed along the river; vertical cliff of thirty-three feet of 
similar gneiss, weathering to a reddish-brown, to level of Little Falls and 
Dolgeville railroad; gneiss forming cliff above Little Falls and Dolgeville 
railroad, including the conspicuous layers above the cut, sixty feet; gneiss in 
the cedar grove where the joint openings are conspicuous, then mostly covered, 
but exposed near the top just below Loomis street, seventy feet. All the 
gneiss except the seventy feet of the upper part is well shown in Plate 
VII, which is a near view, looking westward, of the gneiss along the 
New York Central railroad in the eastern part of Little Falls. 

. BL, In the base of the Hiram Boyer quarry on Loomis street, Just 4°36, 
above the gneiss, is a very coarse-grained, quartzitic sandstone containing 
quite large quartz pebbles. At present the contact of this sandstone and 
the gneiss is hardly shown, though Mr. Boyer states that in the deeper part 
general, the 


5 
gneiss apparently dips heavily to the northeast, while in the quarry the 


of the quarry, former excavations showed it very distinctly. In 


sandstone has a dip of from one to one and one-half degrees to the north- 
west. Professors Shaler and H. 8. Williams studied this exposure some 
years ago and, it is believed, determined that the sandstone rests uncon- 
formably upon the gneiss.* Mr. Walcott stated that this sandstone “has 
been referred to the Potsdam,”+ though he apparently did not accept this 
correlation, for he said: “it is doubtful if we can claim the presence of the 
Potsdam at any point in the Mchawk Valley.” 

4*. Bluish-black, finely arenaceous shale, nine inches thick, 5°, 
weathering to irregular pieces. It contains fairly well preserved specimens of 
Lingulepis acuminata, Con., which were first discovered by Professors 
Shaler and H.S. Williams, and reported by the latter at the Washington 
meeting of the Geological Society of America, in 1890. 

* See Walcott : Correlation Papers—Cambrian. Bulletin United States Geological Survey, No. 81, pp. 207-347. 
+ [bid., p. 347. 


t Ibid., pp. 207, 347. The paper has never been published, but its title occurs on p 634, Vol. 2, Bulletin Geological Society of 
America 
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L*. Above the shale is the massive Calciferous sandrock, seventy- 4°%o 
four feet of which is exposed in the wall of the quarry. This part of the for- 
mation is composed principally of compact, thick-bedded, greyish calcareous 
sandstone that has been quarried. In the lower part are occasional shaly 
partings, similar to B*, but no fossils were found in them. This quarry is 
shown in Plate VIII, where Mr. Birch stands on what is said to be the top 
of the gneiss, the two heavy layers at the base of the cliff being the sandstone 
of B’; the stratum of fossiliferous shale is marked by the hammer, while 
above is the massive Calciferous sandstone. 

In the fields above the Boyer quarry the rocks are partly covered, yet 
there are sufficient exposures to make possible the determination of the top 
of the Calciferous. In the upper part it is thinner bedded than in the lower. 
No fossils were found. 


5°, On the Ritter farm, near the house, is a ledge composed of 5 2°E, 


thin layers of compact, fine-grained, dove-colored limestone, containing vertical 
tubules filled with calcite similar to the small ones found near Newport and 
referred to Phytopsis. The thickness is approximately five feet and it is 
referred to the Birdseye limestone. 

S*. For fifty-three feet above the Birdseye the rocks are covered, of 2g 
when a ledge of Trenton limestone, five feet thick, appears. The rock is a 
crystalline greyish limestone and contains an abundance of Trenton brachio- 
pods. Above this ledge forty-six feet are covered before the base of the black 
shale is reached; but it is probable that nearly if not all of this 104 feet 
belongs in the Trenton. The following species were obtained from the five- 
foot stratum: 


1. Rafinesquina alternata (Con.), Hall and Clarke. (aa) 
2. Plectambonites sericea (Sowb.), H. and C. (a) 
8. Orthis (Dalmanella) testudinaria, Dal. (c) 
4. Monticulipora (Prasopora) lycoperdon (Say). (a) 
5. Calymene callicephala, Green. (©) 
6. Asaphus platycephalus, Stokes. (1) 
7. Orthis (Dinorthis) pectinella (Emm.), Hall. (r) 
8. Orthoceras sp. 
9. Zygospira recurvirostra, Hall. (1) 
10. Zrinucleus concentricus (Katon), Hall. 
11. Escharopora recta, Hall. (7) 
12. Crinoid segments. 
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B'. Black carbonaceous shale at the base of the Utica formation; ,?°, 
nineteen feet exposed on the hill near the Eysaman house.* 

Vanuxem, in describing the rocks about Little Falls, states that “the 
gneiss rises at the east end to the height of a hundred feet,” while the Cal- 
ciferous is given as having “a thickness of over 200 feet.”+ In each case it 
will be noticed that the thickness is more than twice as much as Vanuxem’s 
estimate. Darton gave the thickness of the Calciferous as from “200 to 250 
feet on the Mohawk,” { while the Birdseye is mentioned as having a thickness 
of “four feet about Little Falls.”$ On the south side of the east and west 
road west of the Eysaman house is an old quarry and lime-kiln, known as the 
Cook quarry, in which the contact of the Birdseye and the Trenton limestones 
is clearly shown. 


Section of the Cook Quarry. 


AXLVITI ©’. Finegrained, dove-colored Birdseye limestone. In fh. 
the lower part of the quarry are exposed four and one-half feet, composed of 
the three following layers in ascending order: two feet and three inches, one 
foot and five inches, and nine inches. The vertical, small Phytopsis markings 
were present, but no other fossils. 

C*. Thin, irregular layers of dark-colored Trenton limestone 44°", 
somewhat crystalline and highly fossiliferous; twelve and one-half feet are 
exposed in the quarry wall. 


1. Orthis (Dalmanella) testudinaria, Dal. (aa) 
2. Orthis (Dinorthis) pectinella (Emm.), Hall and Clarke.  (c) 
3. Rafinesquina alternata (Con.), H. and C. (r) 
4. Plectambonites sericea (Sowb.), H. and C. (c) 
d. Asaphus platycephalus, Stokes. (1) 
6. Stictopora ct. acuta, Hall. (r) 
7. Monticulipora (Prasopora) lycoperdon, (Say). (1) 


8. Crinoid segments. 

On the south side of the river opposite the central part of the city is a 
nearly perpendicular cliff of massive Calciferous sandrock, 300 feet in height. 
About 170 feet above the base is a four-foot stratum containing specimens 
apparently of Cryptozéon proliferwm, Hall. Below the Calciferous sandrock 
is the gneiss which is excellently shown in the West Shore railroad cut east 


* Recently Mr. M. L. Haviland and other students of Union College, measured the section north of Little Falls. They 
obtained a thickness of 217 feet for the Laurentian gneiss ; 446 feet for the Calciferous; 81 for the Trenton, and 27 feet of Utica 
slate to the top of the hill. o.s. P. 

t Geology of New York, Part III , 1842, p, 209. For the thickness of the Calciferous, see alsé p. 32. 

+ Thirteenth Annual Report State Geologist [New York], 1894, p. 418. 

§ Tbid., p. 422. 
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of the station. Plate IX gives a view of this locality, looking eastward, 
the cut being through the gneiss, and the cliff above the street being com- 
posed of the lower part of the Calciferous sandrock. 


CANAJOHARIE AND PaxatrnE Brinae. 


Along the Mohawk river on both the north and south sides, in the 
vicinity of Canajoharie, are numerous outcrops of the Calciferous sandrock. 
The exposures are in the upper part of the formation and belong in the 
substage which was named the /ucoidal layers by Vanuxem,* who stated 
that the best exposition of these layers “ was at Canajoharie.”+ 


Shaper Quarry. 

In the western part of Canajoharie village is the Shaper quarry, which 
is extensively worked, exposing some forty-four feet of the Fucoidal layers. 
The following section from the level of the West Shore railroad to the top 
of the quarry gives the thickness of the different layers as exposed in this 
quarry : 

No. 15. Soil on top of quarry. 

14. 3 feet, 9 inches. 


136 co ree 
gD Pim Oz Bak ' 
Lp RBO Boies cts pe 
Orta Oey ce Ce a 
Oa, luge the AL 8 
repel Wl Oe (Not fucoidal.) 
EERE ag (Not fucoidal.) 
Goce Ouame rtd Sik (Fucoidal markings very conspicuous.) 
Se yeas 
MT A Ne (The top of this layer forms the floor of the 
middle part of the quarry and is its 
main ledge.) 
SoG hee 
I a (Lowest layer in the quarry.) 
120s (From the bottom of the quarry to the 


level of the West Shore railroad.) 
The above section gives a thickness of forty feet and four inches of 
Calciferous sandrock in the quarry, or a total of sixty feet and four inches 


* Fourth Annual Report Geological Survey of the Third District [New York] (Assembly Document No. 50, 1840), p. 369. 
+ Geology of New York, Part III, 1842, p. 37. 
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for the section from the level of the West Shore railroad below the quarry 
to its top. The dip is about sixty degrees west of south and the amount 
varies from four to eight degrees in the different portions. This quarry was 


described some ten years ago by Professor Smock.* 


Canajoharie Creek Section. 


The Canajoharie creek flows through the central part of the village, and 
exposures of the Calciferous sandrock begin along its sides opposite Arkell 
& Smith’s paper bag factory. Along this part of the creek the banks are 
not steep, but about one-half mile farther up the stream they become steep 
and in places there are vertical rock cliffs, seventy-five feet or more in height. 
Near the lower end of this gorge the Calciferous passes beneath the bed 
of the creek and is succeeded by seventeen feet of thin bedded Trenton 
limestone, above which is the Utica slate forming the cliffs of the greater 
part of the glen. In describing this region Mr. Darton stated that in 
descending the Mohawk river the thickness of the Trenton limestone 
gradually decreases until at Canajoharie “the amount is only six feet,” 
and further says, “the formation is well exposed on the creek behind 
Canajoharie.”+ In the upper part of the gorge the older rocks are covered 
by a deposit of boulder clay, which in places has a thickness of some 
seventy-five feet. 

LIT BL". Fucoidal substage of the Calciferous sandrock from ,f%*%, 
the base of the Trenton to the level of the West Shore railroad. The lowest 
exposures noted are on the bank of the creek opposite the Arkell & Smith 
factory above the West Shore railroad bridge, and about on a level with 
the track. 

L*, Thin-bedded dark blue, very fossiliferous Trenton limestone, ,Fet, 
separated by shaly partings, with a total thickness varying from sixteen to 
seventeen feet, as measured on the vertical banks of the creek. The line of 
division between the Trenton and Calciferous formations in this section is 
clearly shown, for the upper part of the Calciferous is slightly flexed and 
upon it the regular layers of the Trenton rest. This shows a slight folding 
of the Calciferous previous to the deposition of the Trenton and indicates 
between them a time break of considerable duration which, in northeastern 
New York, is filled by the Chazy limestone. Darton gave a picture of the 


creek bank, showing the contact of the Calciferous and Trenton. 


* Bulletin New York State Museum , No, 3, 1888, pp. 109-110. See idéd., Vol. 2, No. 10, 1890, p. 245. 
+ Thirteenth Annual Report State Geologist [New York], 1894, p. 425. 
¢ Idid., pl. 5. 
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B®. Very black, bituminous Utica slate forming the greater part 399°°'y0 
of the walls of the glen. It is quite calcareous and more fossiliferous than 
that in the exposures farther down the Mohawk valley, and the exposure of 
fully 300 feet in the gorge belongs in the lower part of the Utica formation, 
In the lower part of the gorge is a fall over Utica slate, the top of which is 
about forty-five feet above the base of the slate. This locality was cited by 
Mr. Darton as “one of the finest exposures [of Utica slate] in the Mohawk 
valley,” and a picture of the falls was given in his report.* 

The thin layers of Trenton limestone in the Canajoharie gorge are abu 
dantly fossiliferous and: the following species were collected : 


1. Rafinesquina alternata (Con.), Hall and Clarke. (c) 
2. Calymene callicephala, Green (2). (7) 
3. Orthis (Dalmanella) testudinaria, Dal. (a) 
4, Asaphus platycephalus, Stokes. (c) 
5. Monticulipora (Prasopora) lycoperdon, Say. () 
6. Modiolopsis mytiloides, Hall (?). (ar) 
7. Tellinomya levata, Hall. (11) 
8. Zygospira recurvirostra (Hall), Winch, and Schuch. (rr) 
9. Plectambonites sericea (Sowb.), H. and C. (c) 
10. Trinucleus concentricus, Eaton. (7) 
11. Atrypa (Protozyga) exiqua, Hall. (11) 
12. Ceraurus pleurexanthemus, Green (2). (1r) 
18. Murchisonia bellicincta, Hall. (rr) 
14. Murchisonia gracilis, Hall (?). (rr) 
15. Camarella cf, Volborthi, Bill. (rr) 
16. Stictopora sp. (1) 


As already stated, the Utica slate contains a larger number of fossils 
than has been found in the more eastern exposures. The list is as follows, 
and it undoubtedly might be materially increased by further search. 


1. Lingula quadrata (Kich.), Hall (2). (c) 
2. Plectambonites sericea (Sowb.), H. and C. (a) 
8. Orthis (Dalmanella) testudinaria, Dal. (c) 
4. Triarthrus Becki, Green. (c) 
5. Graptolites. (a) 
6. Asaphus platycephalus, Stokes. (r) 
7. Lellinomya nuculiformis, Hall. (7) 


* Ibid., p. 429, pl. 7. 
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8. Pterinea Trentonensis (Conrad). (rr) 

9. (2) Edmondia subtruncata (Hall). (ar) 
10. Endoceras proteiforme, Hall. (c) 
11. Raphistoma lenticulare (Emmons). (1) 
12. Trocholites ammonius, Conrad. (r) 
13. Rafinesquina alternata (Con.), H. and ©. (1) 
14. Orthis (Dinorthis) pectinella, Emm., var. semiovalis, Hall. (vr) 
15. Crinoid segment. ar) 
16. Leptobolus insignis, Hall. (r) 
17. Lingula curta, Con. (a) 
18. Monticulipora (Prasopora) lycoperdon, Say. (rr) 
19. Lellerophon sp. (rr) 


The Mohawk Valley Stone Company’s Quarry. 


On the northern side of the Mohawk river to the west of Palatine 
Bridge is the extensive quarry of the Mohawk Valley Stone Company, 
formerly called the Frey. This quarry is in the Fucoidal substage of the 
Calciferous and in recent years a large amount of stone has been shipped 
from it. At present it is, probably, the most largely worked quarry in the 
Mohawk valley. On the upper surface of the rock, near its eastern end, 
are glacial striae. 

LIT (". Covered from the level of the New York Central rail- ,Fet, 
road track to the base of the quarry. 

O®. The lower half of the quarry, consisting of fucoidal Calcif. ,¥¢*, 
erous sandrock which splits into three prominent layers that become thinner 
on the weathered surface and thus do not extend for any considerable 
distance, 

C®. Nine feet and four inches of fucoidal Calciferous sandrock, ¥°*t, 
in fairly thick layers, forming the upper part of the quarry. 

In the field to the northeast of the quarry a ledge of Calciferous rock 
was noticed, but no other formation was seen below the highway. Mr. Darton 
stated that the Fucoidal beds in the vicinity of Canajoharie, “have a 
thickness of about ten feet and lie about six feet below the top of the 
formation.”* It is perfectly evident after an examination of the quarries on 
either side of the Mohawk river at Canajoharie, that the thickness of the 
Fucoidal substage is much greater than ten feet. 


* Thirteenth Annual Report of the State Geologist [New York], p. 421. 
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SPRAKERS. 


Twenty miles southeast of Little Falls and three miles below Canajoharie 
is the small village of Sprakers,* at the upper end of the lower gorge ofthe 
Mohawk river. About a mile below the railroad stations the valley is very 
narrow and is bounded on each side by nearly perpendicular walls, in places 
350 feet in height, composed largely of Calciferous sandrock. About two 
miles below the New York Central railroad station, on the northern side of 
the river, is a conspicuous point known as the Great Nose, where the 
Laurentian gneiss is exposed, above which the massive Calciferous sand- 
stone is clearly shown. On the southern side of the river opposite this 
point and farther down the river in the valley and in the West Shore railroad 
cuts at the foot of Little Nose, the gneiss is also shown. The scenery in 
this gorge is very picturesque and the locality is one of the most charming 
in the beautiful Mohawk valley. 


Flat Creek Section. 
At Sprakers, Flat creek enters the Mohawk river from the south, the 


banks along its lower course being steep and rocky. From the village to a 
point a short distance above the falls, the rocks along the creek belong to the 
Calciferous sandrock, while the bank above shows about seventeen feet of 
Trenton limestone, capped by Utica slate. A quarter of a mile farther up 
the creek the second gorge begins, the steep sides of which are composed 
entirely of Utica slate. At least 230 feet of the slate are shown in the 
bank of the creek. There is a fall formed by some of the harder layers of 
the slate, while pillars of erosion and several very pretty amphitheaters 
occur. 

VII A*. Covered slope from the vi iver level to the lowest ,,*°%, 
rocks exposed in Flat creek. 

A’, Light grey, massive, calcareous sandstone exposed in the ,,Ft, 
creek bed and along its steep banks. Calciferous sandrock. 

A®, In the upper part of the Calciferous, a portion of the layers ,,"°%,, 
is thinner and contains great numbers of fucoidal markings. There is no 
sharp line of division, but these fucoidal layers begin to be conspicuous some 
ninety-five feet below the top of the Calciferous. In the upper part of the 
fall, about one mile south of Sprakers, are thick strata similar to those ee 


ried at various localities in the plea aly termed phos % s Tend ey ers,’ 


*QOn most of the maps this village is called Sprakers Basin, but Sprakers is the name of the post oftice and of the railroad 


stations. 
41 
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by Vanuxem. The statement that these massive fucoidal layers are from ten 
to fifteen feet in thickness and confined to the upper twenty-five feet of the 
formation is misleading, for layers of similar structure and appearance occur 
along the Mohawk valley at least 130 feet below the top of the formation. 
In a quarry on the east side of the creek, near the top of the bank, are layers 
of the massive fucoidal limestone containing specimens of Ophileta compla- 
nata, Van. 

A‘, Thin layers of dark blue, fossiliferous limestone, well exposed 4/2539 
in the steep bank above the fall and highway bridge, from sixteen and one 
half to seventeen feet in thickness. Trenton limestone. 

A’. Very black, argillaceous shale which forms the steep banks 358% 
of the creek in the second gorge. Utica slate. The 250 feet do not represent 
the thickness of the formation in this region, but should be considered to 
refer simply to its lower part which is admirably exposed in this gorge. 

The above section is important from the fact that it shows the thinning 
of the Trenton formation from an approximate thickness of 109 feet at Little 
Falls, twenty miles northwest, to about seventeen feet in Flat creek. 
Furthermore both the Birdseye and Black river limestones are wanting. The 
dip varies from 5° to 7°, N. 84° W. along the lower gorge. 

Some ten years ago, a diagrammatic section of this creek was published, 
which represented the Calciferous, Chazy, Trenton and Utica formations.* 
The thickness of the Trenton limestone is given as “from ten to fifteen feet,”+ 
which is the only measurement recorded, and the Chazy limestone appears 
not to be present. 


West Shore Railroad Cut Section. 


About one and one-fourth miles below Sprakers is the West Shore rail- 
road cut, with a nearly perpendicular southern wall of Calciferous sandrock 
which reaches a height of 350 feet. 

VIT BB. Top of the Laurentian gneiss, exposed at the eastern end 
of the cut. 


5, Basal part of Calciferous sandrock extending from the top. are 


25 = 2 


of the gneiss, 1,500 feet along the side of the railroad to the point where the, 
nearly vertical cliff of Calciferous was measured. The thickness is estimated 
from the dip which is about 1°, N. 85° W. 


? 


L*. From the railroad level to the brow of the cliff forming the f°4., 


nearly perpendicular wall of the railroad cut. The cliff is composed entirely 


* Fifth Annual Report of the State Geologist |New York], 1886, p. 9. ; 
+ Tbid., p. 8. 
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of the massive, light grey Calciferous sandrock and is one ot the best out- 
crops of the formation to be found in the Mohawk valley. A specimen of 
Cryptozobn proliferum, Hall, was found near the middle of the cliff. 

B*. In the field south of the cliff, mostly covered, showing only ¢5"2“tso 
occasional outcrops of the Calciferous sandrock with a conspicuous stratum 
at the top of the first terrace south of the cliff. 

B®. Partly covered, still showing plenty of outcrops of an arena- 4 @°%fo 
ceous, compact, greyish rock with irregular fucoidal markings. Several 
specimens of Ophileta complanata, Van., and also the form named O. levata 
by Vanuxem*, have been found in the somewhat shaly layers of this division. 
The Calciferous sandrock caps the highest land about one mile southwest of 
the railroad cliff, although it is undoubtedly near the summit of the 
formation. 

The above section. shows that the Calciferous formation has a thickness 
of 500 feet in the region of Sprakers and the lower gorge of the Mohawk 
river. This decided increase over the supposed thickness will be appreciated 
when it is stated that Vanuxem gave it as “ upwards of 200 feet thick at the 
Noses and Little Falls.”+ Darton states that ‘ the formation has a thickness 
of 200 to 250 feet on the Mohawk, and the amount appears to be constant 
over a wide area.”{ The thickness of the Calciferous sandrock along the 
Mohawk valley is thus shown to be 500 feet which is some 250 to 300 feet 


greater than has generally been given. 


Section at Yosts. 


On the northern side of the Mohawk river at Yosts, three miles below 
Sprakers and five miles above Fonda, is a high and steep cliff composed of 
the Calciferous sandrock. This locality is at the eastern end of the lower 
gorge of the Mohawk river and the massive, nearly horizontal layers of the 
Calciferous formation are conspicuously visible from the trains of the New 
York Central railroad. (See Plate I.) 

VI ©. Covered from the railroad track to the base of the cliff. ,,Fe',. 
The greater part if not all.of this covered division belongs in the Calciferous. 

O*, Massive layers of Calciferous sandrock, forming the nearly ,¥°,, 
perpendicular cliff. From the base of the Calciferous ledges to the brow of 
the cliff. 

* This species is referred to O. complanata by Whitfield. See Bulletin American Museum of Natural History, Vol. IT, p. 49. 


+ Geology of New York, Part III, p. 32. On p. 205 Vanuxem stated that the Calciferous cliff at the Noses ‘ rises vertically to 


two hundred and more feet.” 
+ Thirteenth Annual Report of the State Geologist [New York], p. 418. 
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C3. From the brow of the cliff to the top of the hill. Partly eae 
covered but showing ledges of Calciferous sandrock to the top of the hill. 

The Calciferous sandrock forms the top of this hill and no indication of 
the Trenton was found. The Fonda sheet of the United States topographic 
imap shows that the difference in altitude, between the New York Central 
railroad and the top of this hill is between 560 and 580 feet. This section 
shows at least 450 feet of Calciferous sandrock to which, probably, the greater 
part if not all of the covered 112 feet at the base of the section should be 
added, which would indicate a thickness of more than 500 feet of Calciferous, 


Trrses Hint anp Fort Hunter. 


North Side of the Mohawk. 


Tribes Hill is a small village about half way between Fonda and Amster- 
dam, and opposite the mouth of the Schoharie creek, which enters the 
Mohawk river from the south. The Trenton limestone is exposed on both 
sides of the Mohawk at this locality, the most extensive outcrop being in the 
quarry below the railroad and the cut above it Just west of the Tribes Hill 
station. The section of this quarry and railroad cut is as follows: 

XLIIV A'. Compact, dove-colored limestone, with smooth fracture, 
‘weathering to an ash-grey color. The basal layer in the eastern part of the 
quarry ; its contact with the underlying rock not shown. Birdseye limestone. 

A*, One or two layers of very lumpy, fine-grained blackish lime- }ee¢ 
stone with small, sparkling crystals of calcite. Very few fossils; now and 
then a specimen of Rafinesguina alternata (Con.), H. and C., and Strep- 
telasma sp. This zone is doubtfully referred to the Black river limestone. 

A®, Massive, dark blue limestone, mostly fine-grained but with ,2°*t, 
crystalline layers which usually contain some fossils, Streptelasma being the 
most abundant. In the eastern end of the quarry the limestone has almost 
the appearance of a single layer, though it divides along several indistinct 
bedding planes.. Trenton limestone. 

A‘, Varies from thin, very unevenly bedded greyish, crystalline ,Fe, 
to dark-colored, highly fossiliferous limestone. Lower part appears as a thick, 
layer when freshly opened. 

A’. 'Thin-bedded, uneven, dark-blue limestone in the railroad cut ,Fet, 
above the quarry. Trenton. 

The dip varies in different parts of this exposure as, for example, in one 
part of the quarry it is 54°, 8S. 45° W,, and in the railroad cut 4°, S. 50° W. 
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On the river bank a little west of the quarry and apparently forming the 
bottom of the river is the top of the Calciferous sandrock. 
From the thin-bedded Trenton limestone of A* the following species 


were collected : 


1. Plectambonites sericea (Sowb.), H. and C. (aa) 
2. Orthis (Dalmanella) testudinaria, Dal. (aa) 
3. Orthis (Dinorthis) pectinella, Emm. (c) 
4. Escharapora recta, Hall (?). (r) 
5. Stictopora acuta, Hall (2). (1r) 
6. Stictopora elegantula, Hall. (rr) 
7. Asaphus platycephalus, Stokes. (c) 
8. Ceraurus pleurexanthemus, Green. (r) 
9. Rafinesquina alternata (Con.), H. and C. (a) 
10. Leperditia fabulites, Con. (c) 
11. Rhynchotrema capax (Con.), H. and C. (c) 
12. Murchisonia gracilis, Hall. (c) 
18. Murchisonia bellicincta, Hall. (c) 
14. Raphistoma lenticulare, Emm. (c) 
15. Endoceras proteiforme, Hall. (1) 
16. Schizocrinus nodosus, Hall. (c) 
17. Modiolopsis mytiloides, Hall (2). (1r) 


On the upper side of the railroad, a short distance east of the Tribes 
Hill station, is a large quarry in the upper part of the Calciferous formation. 
The section from the base to the top is as follows: 

XILIV B'. Compact, blue, somewhat “ fucoidal ” limestone. ag tig 

SL, Dark grey, non-fucoidal limestone in one to three layers, 3", 
showing yellow streaks.on weathered surface. 

B®, Massive drab to light grey limestone in one or two heavy 5f%%, 
layers. Weathered surface finely mottled by horizontal streaks. Fucoidal 
limestone. 

Z*, Strongly fucoidal massive beds of bluish-grey color, capped ,Fe€4, 
by a dark blue thin layer containing Ophileta complanata, Van. 

BB. Medium thick beds of arenaceous limestone which weathers ,f¢t, 
to a buff. 

B®. Two layers of Calciferous immediately back of the crest of Feet, 
the quarry. 

The entire quarry is composed of Calciferous sandrock, though there is a 


four-inch layer of Birdseye limestone just above it and apparently in place. 
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The dip is 6°, 8S. 50° W. Mr. Darton, in giving a description of the various 
layers shown in this quarry assigned to them a total thickness of only thirty- 
four and one half feet which is clearly an underestimate.* The greater part 
of the wall of the quarry is perpendicular so that there is no difficulty in 


measuring it accurately. 


South Side of the Mohawk. 


On the southern side of the Mohawk river, about two miles east of Fort 
Hunter, are clear exposures of the fucoidal beds of the Calciferous, along the 
West Shore railroad and in the side of the hill south of the highway. 
Quarries in this division of the Calciferous are at present worked by the 
Wemple Brothers. A section in the western part of the quarry is as follows: 


ALIV (C. Fine-grained, non-fucoidal layer. =. . . .¥. . tat 


O® Fine grained, dark drab, non-fucoidal layer. Main quarry bed. fe 

O%, Layer merging into the one above, but with tendency to %}_"'} 
divide into thin layers. 

Cc’, Mainly in one thick, compact layer, the upper part quar- %f 9°? 
ried, still greater tendency to split along the middle. Steel-grey color weath- 
ering to a mottled light grey and buff. 

C*, Three dark grey layers, eight, nie and ten inches below 3}. ff} 


the top. 

CS. Layer notiso fucoidgl as those above. ss i. <.\'.° 4 sayin te ene 

CC". Buff weathered layers with pitted surface; the fucoidal ¥f i eet 
material conspicuous and in horizontal layers. 

About 700 feet east of the quarries, Utica slate is exposed in the bed 
of a small brook to the railroad level; and about 100 feet east of the 
quarries the shale may be seen in the hillside not far above the railroad, the 
layers being highly inclined to the east. In the railroad cut not far west of 
this point, the fucoidal rock is shown and a section is as follows: 

NXIIV PD. Heavy bed with disseminated fucoidal material 5,%&%,, 
separated from layer above by a band of very fucoidal character. 

*, Layer with several prominent buff bands; one very eon- ppt 
spicuous about four inches wide. 

/®. Similar to the following (D*) but with greater number of Ft, 
streaks. 

I”, Massive bed of even weathering limestone with some obscure gg®*t.. 


yellowish streaks when weathered. 


*Thirteenth Annnal Report of the State Geologist [New York], p. 421, 
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The Calciferous sandrock outcrops frequently along the railroad between 
the cut and Fort Hunter. On the side of the hill not far west of the Wemple 
quarries, the Trenton crops out and was extensively quarried when the Erie 
canal was built..** The opening is an extensive one, the wall eight or nine 
feet high, but it has not been worked in a long time and is not a favorable 
place for collecting. 


Tue AMsTERDAM—HorrmMan RxGIoN. 


The following sections on the north and south sides of the Mohawk 
river, between Amsterdam and Hoffman, will give a clear idea of the litho- 
logic characters and thickness of the Calciferous, Trenton and Utica forma- 
tions in the eastern part of Montgomery county. The section on the 
southern side of the river, to the south of Amsterdam, is especially important 
in giving the great thickness of the Utica slate in this part of the Mohawk 
valley. 


Section along Morphy Creek to the Top of Adebahr Hill. 


On the south side of the Mohawk, half way between Crane’s Village and 
Amsterdam (Port Jackson), on the estate of Mr. Benjamin Morphy, is an old 
quarry in the bed of a creek, which empties into the canal, and which may be 
called Morphy creek. One and three-tenths miles south of this quarry, a 
north and south line through the latter point passes near the next creek east 
of Morphy creek at some distance above its mouth. This line also passes 
through Adebahr hill. A section was measured beginning at the canal level 
below the Morphy quarry and extending nearly due south to the top of 
Adebahr hill. (Section XLVI F.) 

F'. Canal level. Thick bedded layers of steel-grey, arenaceous jf, 
limestone with thinner, mottled layers near the top which contain Ophileta 
in abundance. 

F?, Medium dark, dove colored, very compact, fine-grained lime- f°, 
stone, with conchoidal fracture, containing occasional examples of Phytopsis 
tubulosa; weathers light bluish grey. Birdseye limestone. 

f°, Dark blue, fine grained limestone, somewhat lumpy, weathering 
to an ash-grey. Contains corals. Base of Black river limestone. 

F*. Dark blue, fine grained limestone with occasional crystals of l 3° 
calcite; contains corals and Lafinesquina alternata (Con.), H. and C. 


* This quarry is that mentioned by Vanuxem as the Sage and Reed quarry, opposite Tribes Hill (Geology of New York, 
Part III, p 37) 
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f°. Dark blue, fine grained, compact limestone with small spark- {y— 0° 
ling crystals of calcite. Fossiliferous. 

I’, Two feet covered, then one foot of dark blue, fine grained  ,*°*%, 
limestone with sparkling crystals of calcite. Fossiliferous. : 

F*. Somewhat crystalline, blue fossiliferous layer! Base of Mg 
Trenton limestone. 

F*. Compact, fine grained, bluish-grey layer with glittermg 72%, 
surface on fresh fracture. Fairly abundant Trenton fossils. 

F°. Bluish-black, fine grained massive layer, weathering bluish- "3 _ it 
grey with yellowish fucoid-like markings on vertical and horizontal faces. 
Well preserved specimens of Jtufinesquina alternata are fairly abundant. 

F, Uneven, dark, compact, fossiliferous layer with crystalline (*°%, 
lenticles ; the fossils mostly in the lenticles. 

FF", Dark blue, fine grained layer with crystalline fossilferous #°'}_% . 
lenticles which, by weathering darker and yellowish, give a mottled appearance 
to the surface. 

fF”. Greyish-blue, crystalline, fossiliferous layer . . . . . . ™ 

i’®. Dark blue, fine grained, with crystalline lenticles, and 4° _% 
weathering similar to No. 11. Fossiliferous. 

i’, Medium light colored, weathering with yellowish streaks as ff, 
in No. 11. Abounds in Trenton fossils. | 

f®, Thin, irregular, dark blue, fine grained layers with inter- 7%» 
calated black, carbonaceous shale. Contains great numbers of fossils, 
especially Monticulipora (Prasopora) lycoperdon (Say), and Trinucleus con- 
centricus (Eaton), Hall. 

i’, Utica slate exposed in creek bed and in contact with the ,,Fe+., 
Trenton below. Thin, even layers of black, carbonaceous, calcareous shale ; 
above this, covered to first creek east of Morphy creek. Difference in altitude 
between these two points, 270 feet. Utica slate. 

i. In the first creek east of Morphy creek, at a point one and weg 
four-tenths miles almost due south of the Morphy quarry, are exposed even 
layers of very black, strongly calcareous, slaty shale containing seams filled 
with calcite. These thin layers are occasionally interrupted by thicker, com- 
pact, very fine-grained layers with conchoidal fracture. The latter resemble 
the hard, fine-grained layers of the upper Trenton in No. 15. The dip is 
uniformly southerly. 

H'®. “Covered”: ap) 6a ae tee aR Se Ie" o2 Regret 
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Ff. Black, carbonaceous, slabby, calcareous shale, exposed in the gf 
creek bed and to the first branch of the creek, not far below the highway 
north of Adebahr hill. ; 

HH”, No rock is exposed in place, but plenty of fragments of 194°°°bs 
calcareous shale occur in the soil of the hillside, becoming especially abundant 
in a small knoll on the northeastern declivity. 

ff, Top of Adebahr hill. Black, crumbling, calcareous shale j4"°*bo 
with thicker coherent layers exposed in the open pasture on the southern 
brow of the hill. Below this point covered. The top of Adebahr hill is 
barometrically 820 feet above the base of the section. The New York 
Triangulation bench mark, seen on its northern crest, is 1,062 feet A. T. 
The difference between this and the altitude of the canal at the base of the 
section is 800 feet. 

The members of the Trenton and Calciferous formations of this section 
were measured by Mr. Darton in the summer of 1892, and described in 
1894.* In his section the Birdseye is given as above the Black river. There 
does seem to be a peculiar blending of the lithologic characters of the mas- 
sive member of the Trenton and the Black river in Nos. 8 and 9 of the 
present section, so that there is not a sharp line between the two subfor- 
mations. The Birdseye is well defined, however, in its proper stratigraphic 
position, being sharply separated from the underlying Calciferous, and less 
sharply, though distinctly, from the overlying Black river. It contains no, 
or at least very few, fossils. The upper, thin-bedded member of the Trenton 
is excellently shown and seems to pass gradually into the Utica slate above, 
although the line between the two is fairly distinct if drawn where the 
Trenton fossils cease. The Utica slate is exposed at intervals from Morphy’s 
to the top of Adebahr hill, a vertical distance of 740 feet, with quite con- 
stant characters, especially the persistence of slabby, calcareous layers. ‘The 
distance between Morphy’s quarry and the bench mark on Adebahr hill is 
just three miles, hence if the south dip be 140 feet per mile, the actual 
thickness of Utica in this section is 1,160 feet. 


Minaville Section. 


In the slope of the hill, southwest of Minaville, and at a point about one 
and four-tenths miles south by southwest of the centre of the village, the 
Utica slate is exposed in several small glens. A section was measured be- 
ginning at the level of Chuctenunda creek and extending to the top of the hill. 


*Thirteenth Annual Report of the State Geologist [New York], pp. 426, 427. 
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XLV K". +Mostly covered, but showing brownish weathering, heat ps 
slabby shale in the west bank of Chuctenunda creek, just above Minaville. 
Utica slate. 

Kk. Top consisting of slaty layers, containing graptolites 1m "355 
abundance. Below this point the black calcareous shales are exposed to within 
165 feet of creek level. 

ke. Black shales, becoming olive to blackish at top. These 163°" 
shales show a transition from the black, calcareous, slabby shale of the Utica 
to the arenaceous, thin, crumbling, olive shale of the Hudson river  for- 
mation. ‘Transitional shales. 

K*. Mostly thin sandstones and arenaceous shales, with a massive 499 549 
two-foot layer at the base in the south branch of the deep glen, This portion 
of the section comprises the cap of the hill and is mostly covered. Hudson 
river formation. 

The above section is the only one noticed in this region, which gives the 
passage from the Utica to the Hudson river formation, and is of especial 
interest on that account. Within the limits of a continuous exposure of 255 
feet of shales, there is exhibited a complete transition from the typical 
lithologic characters of the Utica to those of the Hudson river. The Utica, 
at the lower part of this exposure, is black with brownish streak, and 
weathers brown with a greenish tint. It is strongly calcareous and disposed 
in even, well defined layers, which usually split into laminae, having smooth 
flat surfaces. These, in turn, crumble to square-edged fragments. In some 
cases, however, coherent layers occur from an inch to four or five inches in 
thickness, which are quite hard and break with a conchoidal fracture. These 
are the well-known slabby layers of the Utica formation. The shale shown 
in the upper part of this exposure is blackish to dark olive or grey, very 
friable, and weathers to a dirty brown. It is not sufficiently calcareous to 
effervesce with cold acid, and is disposed in layers which break up into 
regular laminae with uneven rounded surfaces which, in turn, weather to 
small, thin, sharp-edged, usually quadrilateral scales that readily pass into soil. 
The Graptolite bed is of especial interest and no other fossils were found in 
it. The shales at this point exhibit a combination of the characters of the. 
Utica and Hudson river formations, and the layers split into laminae with 
irregular surfaces. The difference in altitude between the first exposure of 
sandstone in this section and the level of the Mohawk at its nearest point, 
is 740 feet, and the distance is nearly five miles. This indicates a thickness 
of approximately 1,440 feet, if the dip be 140 feet per mile, as is shown to 
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be the case later in this paper, at Crane’s Village and Hoffman. As the 
thickness of the Utica obtained in this section is much greater than any 
previous estimate, it is interesting to review the former statements in regard 
to its thickness. 

Emmons stated that the Utica slate “in the gorges of Lorrain and Rod- 
man is about seventy-five feet thick; it is, at least, less than one hundred 
feet ;”1 a statement which was repeated four years later in the Agriculture of 
New York.” Vanuxem estimated that the maximum thickness of this for- 
mation “is about 250 feet,”? while Dana gave the thickness of the Utica 
formation as 250 feet in Montgomery county.* More recent estimates are those 
of Messrs. C. D. Walcott and C. S. Prosser, derived mainly from well 
records. Walcott gave the thickness of Utica slate passed through in the 
Campbell well near Utica, as 710 feet;> and in a diagram® indicates that the 
formation thickens eastward. In the section described by Mr. Walcott along 
the south branch of Sandy creek in Jefferson county, he gave 180 feet of 
Utica slate with 100 feet of transitional beds above, composed of “alternating 
banks of shale and grey, fine grained, calcareous sandstone ; the shales pre- 
dominating.”* Prosser gave the thickness of the Utica slate in the 
Chittenango well, thirty-two miles west of Utica, as 233 feet, below which are 
sixty feet of transitional shale and limestone to the massive Trenton limestone. 
In this well 640 feet of blue argillaceous shale and bluish-grey arenaceous 
shale and sandstone are referred to the Hudson river.§ In the Rochester well 
the thickness of Hudson river and Utica taken together, is given as 598 feet.’ 
In the Altamont well, about seventeen miles west of Albany, the drill started 
595 feet below the base of the Helderberg limestone, which caps the Hudson 
river formation in that vicinity, and passed through 2,880 feet of sandstone 
and shales before reaching the Trenton limestone.” The thickness of Utica 
slate was not ascertained in this boring, but a thickness of 3,475 feet of both 
formations indicates a considerable thickness of Utica. Mr. Henry M. Ami 
says: “By some of the early writers it [Utica formation] was spoken of as 
consisting of shaly strata whose total thickness exceeded 900 feet, whilst by 
others the very humble, yet perhaps truer estimate was given of about 


1Geology of New York, Part II, 1842, p. 118. 

2 Loc. cit., p. 124. 

3 Geology of New York, Part III, 1842, p. 56. 

4Manual of Geology, Fourth Edition, p. 494. 

5Proceedings American Association Advancement of Science, Vol. XXXVI, p. 212. Also, Bulletin Geological Society of 
America, Vol. I, 1890, p. 347. 

6 Tbid., p. 850 (diagram). 

7 [bid., p.848, and see diagram on p. 350. 

8 Tbid., Vol. IV, p. 99. 

9 Proceedings of Rochester Academy of Science, Vol, IT, p. 92. 

10 Ashburner, Transactions American Institute of Mining Engineers, Vol. XVI, pp. 951, 952. 
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seventy-five feet in thickness.”* The highest estimate for Montgomery county 
is that of Vanuxem, also taken by Dana, of 250 feet. Mr. Walcott’s diagram, 
already alluded to, would indicate a thickness of 800 or more feet in this 
region, but is not a formal estimate. Two hundred and fifty feet is the 
generally received estimate of the thickness of the Utica slate in Montgomery 


county. 
The Eva’s Kill Section. 


Along the Eva’s kill, which empties into the Mohawk river, just west of 
the Crane’s Village station, are numerous exposures of Calciferous sandrock, 
and about one and one-half miles back of Crane’s Village is a small isolated 
hill just west of the highway, capped by the lower members of the Trenton 
formation. The section beginning at the level of the Mohawk and extending 
to the top of the hill is as follows: 

XIV A‘. Mostly covered. Top consists of massive, thick- 9f%%q 
bedded, grey, caleareous sandstone exposed in the bed of the Eva’s kill. 
Ninety feet from river level to base of exposure. 

A’. Partly covered. Heavy bedded, compact, calcareous sand- ¢¢'2%tso 
stone. 

A’, Medium to thin bedded arenaceous limestone with fucoidal ,37°%,) 
markings, especially near the top where the color is dark blue and the 
weathering very light ash-grey. Contains iron pyrites. From level of Eva’s 
kill to the Manny corners highway, 130 feet. 

A*, Mostly covered. Calcareous sandrock exposed at the base jog@@%o9 
in the road above the Eva’s kill and at the top in the side of Quarry hill, 
where it is thin bedded and mottled, and weathers with rough, jagged surface. 
Top of Calciferous sandrock. 

A°®. Dove-colored, with flat conchoidal fracture; disposed in a? bo. 
thin layers, weathering more unevenly than usual for this limestone. Birdseye. 

A* Dark blue-black, fine grained, lumpy, heavy bedded lime- , F°fty, 
stone, containing Columnaria alveolata. This fossil ranges through eight and 
one-half feet of compact limestone and marks an horizon which varies in 
thickness from seven to nine feet within the limits of the quarry. | 

A". Greyish-blue, semi-crystalline limestone, weathering dark We as 
grey, containing several small specimens of Colwmnaria and abundant crinoid 
segments. In places the rock is filled with pebbles of sandrock, which are 
similar to the Calciferous. 


* Reprint from Canadian Record of Science, October, 1892, p 3. 
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A’, Thin bedded, dark blue limestone; abounding in fossils, ;"°%ig 
including Lafinesquina wlternata (Con.), Hali and Clarke. 

This section presents several interesting features. The upper part of 
No. 3, representing the Fucoidal member of the Calciferous formation, is of 
unusually dark color and weathers almost as light as the Birdseye. The 
surfaces of the layers are often covered with the markings which have 
suggested the name by which this rock is known. In the side of Quarry hill, 
the Calciferous sandrock seems to present a somewhat transitional character, 
becoming less and less arenaceous toward the top. Capping these layers in the 
eastern brow of the hill are the two and one-half feet of Birdseye mentioned 
in the section; but just over the brow of the hill in the northeastern part of 
the quarry the fossiliferous Black river beds are seen to rest directly on grey, 
arenaceous ‘rock. Apparently the Birdseye has totally disappeared within a 
distance of two rods. In the western part of the quarry there is again a dove- 
colored, fine grained limestone below the Colwmnaria horizon. In the central 
part of the quarry the Co/uwmnaria ranges through from seven to nine feet of 
very compact limestone. In this part of the quarry also occur the pebbles of 
Calciferous (?) imbedded in a layer which caps the massive Black river bed. 
This layer also contains several small specimens of Columnaria, but the latter 
may have been derived in the same manner as the pebbles, from fragments of 
lower strata. In the south side of the quarry the layers corresponding in 
position to the Black river contain an abundance of iron pyrites and pockets 
lined with crystals of white calcite. At this point the upper surface of the 
rock is striated, the striae running N. 85° W. The dip is in general about 
94°,8.20° W. Vanuxem has noted the presence of pebbles about Amsterdam 
similar to those mentioned above. Speaking of the base of the Trenton, he 
says: “One of the lower layers at Putnam’s quarry [Tribes Hill] shows some 
scattered irregular pebbles, forming masses or concretions having the same 
character in all respects as the yellow-colored Calciferous sandrock, and 
accurately resembling those observed in a quarry at Shelpintown | Rockton |; 


the largest of them are fully four inches in diameter and of greater length.” * 


Section opposite Crane’s Village on the south side of the Mohawk River. 
Opposite Crane’s Villaget station, the cut on the West Shore railroad has 
exposed the Calciferous sandrock, and a section, beginning at this point, is as 
follows : 


* Geology of New York, Part ITI, 1842, p 44. 
+ This place is given as Cranesville on the Amsterdam sheet of the United States Geological Survey ; but is known locally ag 
Crane’s Village and is so given on the timetabies of the New York Central and Hudson River railroad 
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XLVI (. Medium to thin bedded calcareous sandstone. Layers  5."°% 
irregular. To canal level. Calciferous sandrock. 

O?. Heavy bedded, massive arenaceous limestone. . . . . «3% 

C®. Mostly covered. Steel grey arenaceous limestone, containing g9""45s 
flint and calcite. ; : 

C4, Dove-colored, very compact, even bedded limestone with flat 2%, — 195 
conchoidal fracture, and weathering ash white. This rock contains abundant 
examples of Phytopsis tubulosa and rests upon buff arenaceous limestone. 
Birdseye limestone. 

O°. In the large quarry, just east of the small creek that empties "5 
into the canal, a few rods east of the cut, is exposed dark bluish-black, mas- 
sive, fine grained limestone, which weathers light and contains Black river 
corals. Black river limestone. 

C®. About 200 yards east of the creek is a large quarry in which 9"°%,4 
the basal layers are thick, even bedded and somewhat crystalline, and weather 
light bluish-grey. They contain Rafinesquina alternata and other Trenton 
fossils. Base of Trenton. 

C". Above the heavy layers of C* are thin, irregular, dark blue ,."°%, 
layers abounding in fossils. 

C8’. Base of Utica. In the bed of the creek, near the highway, 449°°*bs, 
black, even bedded, calcareous shale. The difference in altitude between this 
point and the top of the hill, just to the south, is 148 feet. Utica slate. 

At the railroad cut, where Nos. 1 and 2 of the above section are exposed, 
the rocks of No. 1 exhibit a rather abrupt bending of the layers. Near the 
eastern end of the cut is a nearly vertical line, east of which the dip is ten 
degrees east, and west of which the dip is one degree west, or nearly normal, 
This section furnishes the best outcrop of the Birdseye limestone to be found 
anyWhere im this region. At this place the Birdseye presents the characters 
so typical of it along the northern branches of the Mohawk river to the north- 
west. It is dove-colored, impalpably fine grained, with flat conchoidal fracture, 
smooth vertical jot faces; and weathers ash white with a delicate bluish 
tint. The peculiar plant-like reticulations of Phytopsis tubulosa are very 
conspicuous in the rock at this locality, since they weather buff, whereas the, 
rock matrix weathers nearly white. The vertical columns, the extremities of 
which give the “ birdseye” appearance to the surfaces of the layers, are larger 
than in the rock of this subformation near Newport and Little Falls, where 
they are quite small and composed of calcite, while in the Birdseye of the 
lower Mohawk they are composed of argillaceous material. Within the 
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limits of the exposure—a small quarry—this limestone varies from two to 
four feet in thickness, both delimiting terranes being in place. The upper 
surface of the subjacent Calciferous sandrock is irregular, and the line of 
contact between it and the overlying Birdseye very sharply defined. Above, 
the Birdseye seems to pass into the superjacent Black river limestone without 
any sharp line of demarkation. 

The base of the Trenton formation in this section is approximately 380 
feet A.'T., while in the exposure west of the Eva’s kill, one and one-half miles 
north, the base of this formation is 600 feet A. T. This gives a south dip of 
147 feet per mile. 3 


Hoffman and Van Epps Hill Section. 


Just west of the railroad station, at Hoffman, Schenectady county, is a 
conspicuous cut on the New York Central railroad, in which the Calciferous 
sandrock is well exposed. The base of the cut is about twenty feet above the 
Mohawk river. A section, beginning at river level and extending to the top 
of Van Epps hill, is as follows: 

IT A’. Massive, thick-bedded, steel grey, arenaceous, buff: yo¢”@%o 
weathering limestone or calcareous sandstone; the lower twenty feet covered 
beneath the railroad, and forty-eight feet immediately succeeding, exposed 
in the cut. Above the cut, partly covered. The joints and seams of this 
rock are often filled with calcite, and some chert occurs. 

A®. Top covered for the most part; base consisting of dark Phas pete 
moderately fine-grained, arenaceous limestone, with weathered surface marked 
by plant-like reticulations which weather yellowish, exposed in the roadside at 
an elevation of 350 feet above river level. Fucoidal division of the Calciferous. 

A®. West of the Schenectady-Montgomery county-line road, at ;F°%, 
an altitude of 850 feet above river level, is a five-foot bed of compact lime- 
stone, containing a large specimen of Columnaria alveolata near the base. 
Black river limestone. 

A’. In the fault escarpment, a short distance to the northeast of y9¥°t,, 
the exposure of No. 3, is another of about twenty-five feet of thin, hard, 
dark-colored layers, containing Trenton fossils including Zrinucleus concen- 
tricus. These layers rest directly upon thick layers of Calciferous sandrock, 
and from this fact and their strong dip, it is probable that they were displaced 
from their normal stratigraphic position in the faulting. In the open field 
east of the highway, opposite the exposure of Black river, and at an altitude 
of about 850 to 355 feet, is a small exposure consisting, at the top, of three 
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feet and eleven inches of grey crystalline limestone (Trenton). underlaid by 
two and one-half inches of limestone weathering ash white (Black river ?), 
then seven inches of crystalline rock (Trenton), and finally, at the base, three 
and one-half feet of compact light-weathering limestone. In the field on the 
west side of the road and opposite a farm house, a short distance beyond the 
exposures of No, 3, are exposed at the top eight inches, in two thin layers, of 
rather coarse grained, semi-crystalline limestone, containing fragments of 
brachiopods, trilobites and crinoids. Below this is one foot, in thin layers, of 
fine grained, drab-grey limestone, weathering ash white and apparently barren 
of fossils. The basal layer is bluish-drab to grey, coarser grained, and has a 
thickness of four inches. Five feet above the top of this exposure, and a 
short distance east of it are five feet of crystalline highly fossiliferous lime- 
stone. These five feet of rock should be added to the twenty-five feet seen in 
the fault line, as it is a representative of layers not shown in the latter place. 
Trenton, with possibly Black river at base. , 

A®. Black, calcareous shale seen mainly as small brown-weathered 95(°°%,, 
fragments in the side of Van Epps hill; in only a few places is evidence of 
stratification preserved. Utica slate. 

This section has been carefully studied by field parties from Union 
College, and the measurements above given have been compared with those 
obtained on several such excursions, so that they may be considered to possess 
a fair degree of accuracy. This section, it will be noticed, gives 350 feet of 
Calciferous sandrock measured in an almost vertical ascent. As the gneiss is 
not brought up here, the total thickness of Calciferous is not shown; but 
enough is shown to indicate that in this eastern region the Calciferous sand- 
rock is a thick formation though, perhaps, not attaining as great a thickness 
as at Sprakers and Little Falls. 


The Pattersonville Section. 


About one mile west of the Pattersonville station, on the West Shore 
railroad, is a long cut made partly by the excavation for the canal and partly 
by the West Shore railroad. A section was measured at this lo¢ality begin- 
ning at the bottom of the canal. 

if £', Bottom of canal. Compact thick bedded, steel-grey, f°, 
arenaceous limestone weathering yellowish and containing abundance of flint 
and calcite. The dip at the western end of the railroad cut is about 4°, 
N. 55° W., and at the eastern end 4° in the opposite direction. Calciferous 
sandrock, thirty feet in the canal cut and eighteen feet in the railroad cut. 
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B’, Above the cut and through the fields to an old quarry, are ts 
numerous exposures of massive arenaceous limestone having, especially in the 
lower layers, fucoidal markings. Fucoidal member of the Calciferous. 

LL. About one-half mile southwest of Pattersonville, and at the Ft, 
head of a small run, is a small quarry to the south of an old limekiln. The 
Calciferous is exposed in thin layers at the bottom of the quarry in the run, 
and resting upon it is a layer about a foot in thickness, of bluish-drab fine 
grained limestone which weathers ash grey. The outlines of several fossils 
are shown on the surface of this layer, and notably that of the cephalic shield 
of a large trilobite (Asaphus platycephalus?). Above this are exposed about. 
five feet of thin, bluish-black, fine grained, irregular, lumpy layers, weathering 
light ash-grey and abounding in fine specimens of Colwmnaria alveolata, 
Goldfuss. In the east side of the quarry the rock is exposed in thicker 
layers, the lower containing Columnaria. Just over the fence to the 
east is a larger quarry in which the upper layers of the former quarry are 
exposed and contain large masses of Colwmnaria alveolata in the same strati- 
graphic position. In this quarry the light-weathering layers are capped by 
dark-weathering, crystalline layers. Black river limestone. 

B*, A short distance south of the exposures of No. 3 is an ,F%, 
extensive quarry, the western end of which is known as the Walker quarry, 


and the eastern end as the Moore quarry.* 


The lowest rock exposed in these 
quarries is dark, bluish-grey, crystalline limestone, massive and weathers 
bluish-grey. Haighly fossiliferous. Heavy bedded member of the Trenton. 

ZS. Resting on the massive layers are thin, irregular dark blue layers 
of fine-grained limestone with intercalated black carbonaceous shale. Highly 
fossiliferous ; especially rich in brachiopoda. 

L*. Covered from top of limestone in the quarry to lowest 4M). 
exposure of shale in an open drain south of the quarry. 

B". Black, argillaceous shale to the top of the hill. Utica slate. Feet... 

The above section is of interest on account of the excellent exposure of 
the fossiliferous Trenton and Black river limestones, and from the fact that 
it affords an opportunity for determining the south dip by comparison with 
the exposures across the river exactly one mile to the north. The base of the 
Trenton limestone on the north side of the river is approximately 590 feet 
A. T., and on the south side 450 feet, giving a southerly dip of 140 feet 


per mile. 


* Bulletin New York State Museum, No. 3, 1888, p. 105, 
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The thin-bedded limestones of B® are very fossiliferous, this quarry being 
one of the best localities for the collecting of Trenton fossils in the lower 
Mohawk valley. From A‘ and A?’ the following species were collected : 


1. Monticulipora (Prasopora) lycoperdon, (Say). (a) 
2. Stictopora elegantula, Hall. ; (c) 
3. Lafinesquina alternata (Con.), Hall and Clarke. (aa) 
4. Plectambonites sericea (Sowb.), H. and C. (c) 
5. Orthis (Dalmanella) testudinaria, Dal. (c) 
3. Orthis (Dinorthis) pectinella (Emm.), Hall. (1) 
7. Phynchotrema capax (Con.), Hall. (1) 
8. Raphistoma lenticulare, Emm. (4) (1) 
9. Murchisonia bellicincta, Hall. (1) 
10. Murchisonia gracilis, Hall. (r) 
11. Asuphus platycephalus, Stokes. (c) 
12. Trinucleus concentricus, Eaton. (1) 
13. Dalmanites callicephalus ((all). (r) 
14. Leperditia fabulites (Con.). (c) 
15., Schizocrinus nodosus, Hall. (a) 


Segments of stems. 

To the southeast of Pattersonville, and west of Rotterdam, is the high 
and steep hill named Waterstreet on the Amsterdam topographic sheet of the 
United States Geological Survey. The top of the northern end of the hill is 
given as 1,385 feet A. T., and the rocks from near the level of the Mohawk 
river to the top of the hill consist of alternating layers of shales and sand- 
stones which belong in the Hudson river formation and give a thickness of 
some 1,125 feet. This, of course forms only a part of the thickness of the 
Hudson river formation, since it was shown by Ashburner that at Altamont, 
some ten miles to the south, the thickness of the Hudson river and Utica for- 
mations taken together is 3,475 feet.* 

Nine-tenths of a mile west of the Schenectady pump station, on the West 
Shore railroad, are a deep glen and a long cut. The section of the glen and 
cut is as follows: | 

I ™. Covered from level of Mohawk river to Erie canal.. . . . Pet, 

(*, Fine shale which at the base of the glen does not weather , Pets, 

readily to soil. Graptolites are fairly abundant. 


C®. Very fragile shale exposed in the railroad cut. . . . . . Mt, 
CS. Thin sandstéte layers - 9. PO ia 2. oe 


* Transactions American Institute of Mining Engineers, Vo). XVI, pp. 951, 952. 
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CUES TIGER in feo! 4) Soe aa See soci oc Aan Uns ed. PRC EMA kiey Td 

Coma umin lay er-ofisandstone: 2° is al ees Lies 

C*, rumbling arenaceous shale. . . . . . senpencetnen be 

O®. Heavy layer of sandstone by the highway eiiek runs under ,¥et, 
the railroad track east of the cut. Dip, 3°, 8. 50° W. 

From a very thin layer of loose grained, arenaceous shale exposed near 
the base of the railroad cut on both sides of the track and largely composed 
of the comminuted fragments of fossils, the following species were collected: 

1. Triarthrus Becki, Green. (c) 

Numerous small fragments of the pleurae and a few complete 
specimens of the glabella. 


2. Trinucleus concentricus, Katon. (c) 
Mostly fragments of the spines and cheeks. 
3 Plectambonites sericea (Sowb.), H. and C. (?) (c) 
All the specimens are very small and rather coarsely striated. 
4. Orthis (Dalmanella) testudinaria, Dal. (2) (r) 
5. Orbiculoidea sp. 
6. Monticulipora (Prasopora) lycoperdon, Say (?). (2) 
7. Crinoid segments. (r) 


Se 


Graptolites. 
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James Hann, State Geologist, 


Sir: 


county embraces certain results of my investigations in this region which it 


The accompanying report on the tale industry of St. Lawrence 


has seemed well to bring together in a special chapter. 
Respectfully yours, 
CS HeSMYTH* JE. 


Hamitron Cortiece, Cuinton, N. Y., Hebruary 27, 1896. 
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Report on the Talc Industry of St. Lawrence County. 


By C. H. Smyru, Jr. 


In a former report,* an account was given of the southwestern portion 
of the tale deposits, which extend from the central part of the township of 
Fowler, nearly across Edwards. The examination then made was incidental 
to a reconnaissance of a portion of St. Lawrence county not including the 
town of Edwards in which the tale has its greatest development. On this 
account, the description of the deposits was very incomplete, and the con- 
clusions drawn as to their origin were limited to such portions as were 
actually studied. The explanation of the deposits suggested was, however, of 
such a nature that it was difficult to see how it could apply to a part of 
them and not to the whole; and this general application was withheld simply 
because the descriptions of the tale in Edwards, which had been published at 
that time, were so at variance with the facts observed in Fowler. In the 
latter town, as stated in the report referred to, the tale gives every indication 
of being a bedded deposit, constituting a portion of the crystalline limestone 
formation so important in this region. 

Published accounts of the tale in Edwards, however, stated that it formed 
a clearly-defined vein, with granite or gneiss walls.f As it hardly seemed 
possible that the tale should exhibit. such different relations at points on a 
continuous belt and separated by only a few miles, it was thought advisable 
to examine the entire series of deposits, their economic importance being 
sufficient to warrant a determination of their geologic character. 

Such an examination, made during the past summer, served to remove 
the seeming contradictions which formerly existed. The deposits in Edwards 
were found to agree in every important particular with those of Fowler, and 
all the facts observed are in harmony with the explanation given for the 
latter. The deposits only remotely resemble veins, while the walls of granite 
and gneiss have no existence. 

The chief mines form a group in and near Taleville, and here the tale is 


well shown. It occurs in two or more horizons only a few feet apart, forming 


* Report of the New York State Geologist for the year 1893, pp. 493-515, 
+ A. Sahlin ; The Talc Industry of the Gouverneur District, St. Lawrence county, N. Y.; Transactions American Institute of 
Mining Engineers, Vol. XXI, p. 583. 
Talc; The Mineral Industry, Vol. I, p. 435. 
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beds from ten to above twenty feet thick, averaging about sixteen feet. The 
beds dip to the north and strike northeast, conforming in both respects with 
the crystalline limestone in which they le. The walls of the tale consist 
of a tremolite or enstatite schist which passes over gradually into the 
limestone. 

While, in mining, the tale is easily separated from its walls, every possible 
gradation exists between the two rocks, and it is evident that they are 
different phases of one rock body. The schist probably has resulted from the 
metamorphism of a siliceous and magnesian portion of the limestone, being a 
product of the general metamorphism of the region. Subsequently, parts of 
the metamorphic silicates have been altered into tale by addition of water 
and loss of lime. This alteration, while most pronounced along certain hori- 
zons in the schist, is more or less irregular, causing variations im the thickness 
and precise location of the tale beds, which are further increased by 
mechanical disturbances. 

Most of the Edwards tale shows the fibrous structure of the original 
minerals and, in fact, as at the Fowler localities, contains a greater or less 
amount of residual tremolite or enstatite. This is shown by tests of the hard- 
ness of different parts of specimens, or, still better, by a microscopic exami- 
nation. . 

The formation of the tale by the process suggested (and discussed more 
at length in the previous report) would not be a merely superficial pheno- 
menon, like weathering, but would be the work of solutions which might 
extend to great depths, and there seems to be no reason for fearing that the 
deposits may be shallow and quickly exhausted. As a matter of fact the 
weathered material at, and near the surface, is very poor, good tale appearing 
only at‘some depth where it has been protected from the attack of superficial 
agents, 

As it comes from the mines, the tale is white with a more or less intense 
tinge of green. Its lustre is silky or pearly, and its structure decidedly 
fibrous. Mingled, however, with the fibrous tale there is often some that is 
scaly or wax-like. The latter variety is nearly always developed upon the 
surfaces of the rather abundant slickensides. 

At the present time ten mines are in operation in the tale district, all but 
one, that of the American Company described in the previous report, being 
situated at Taleville. 

The product of the American Company’s mine is ground by steam power 


ina mill situated only a few rods from the mine, but the other mines send 
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their product over the recently constructed Gouverneur and, Oswegatchie 
railroad, to mills scattered along the Oswegatchie river, which furnishes their 
motive power. 

The process of manufacture is purely mechanical, having for its aim the 
reduction of the tale to a fine powder of uniform grain and free from grit. 
On account of its fibrous structure, the tale, when powdered, has a strong 
tendency to pack into a sort of felt. For this reason it can not be bolted, 
and special methods of treatment are required. 

The process begins with a sorting of the material at the mines, where the 
hard and darker-colored pieces are thrown out. The good talc, in lumps 
ranging from a foot or more in diameter down to coarse powder, is then 
loaded on cars and shipped to the mills. Here it passes through Blake 
crushers, and then goes to rolis or burr stones and is reduced to grains about 
the size of a pea. 

From the rolls or burr stones, the tale goes either to Griffin mills 
or direct to the Alsing cylinders. These are drums of half-inch steel, six 
feet in diameter and ten feet in length. They are supported by trunnions 
at the ends, and revolve about twenty-five times a minute. The cylinders 
have a lining of glazed brick, and in each one are placed some three and one- 
half tons of round flint pebbles, about the size of an egg. A cylinder is 
charged with an amount of tale equal to one-quarter or one-third the weight 
of flint pebbles and, after the manhole is closed, is revolved till the tale is 
reduced to the requisite degree of fineness. This operation usually takes 
about two hours. When it is completed, the closing plate is removed and a 
erating substituted, which will retain the pebbles and permit the discharge of 
the tale. The cylinder is then revolved again till the tale is all removed, 
ready for packing and shipment. 

Several grades of talc are produced, varying in fineness and_ color. 
Extreme and uniform fineness and a blue-white color, are the desirable 
qualities. The fibrous structure is found in all grades and is, doubtless, a 
most important factor in giving value to the material. The felting of the 
powder, which gave much trouble in the earlier attempts at manufacture, is 
the foundation of its most extensive application. Under the microscope, even 
the finest and most impalpable portions of the powdered tale are seen to con- 
sist of ragged, fibrous masses, elongated in the direction of the fibres, and 
frayed and shredded at the ends. It is evident that the fibrous structure 
is present on so minute a scale as to extend to the finest particles of the 
mineral, 
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This structure alone, however, would not suffice to give to the material 
its valuable properties; indeed, it is not an inherent property of tale but, 
instead, is a product of its mode of formation. The value of the tale follows 
from its complex origin, in virtue of which it combines the fibrous structure 
resulting from its derivation from the other silicates with its own phability 
and softness. The value of either mineral in its typical form would be 
much less than that of the material which combines some of the properties 
of both. 

Tremolite and enstatite, although fibrous, would, on account of their 
brittleness, grind to a granular powder with no binding properties; and 
the same would be true, though perhaps to a less degree, of massive or 
foliated tale. 

In the district under consideration the terms “massive” -and “foliated ” 
are often applied to varieties of tale in which the fibrous structure, although 
present, is so fine as to be inconspicuous, except under the microscope. In 
such cases, the character of the ground material is the same as of that pro- 
duced from the coarsely fibrous tale; although sufficient tale that is truly 
massive or foliated may sometimes be present to render the grinding more 
difficult and the finished product of less value. 

The presence of scales of talc, in many specimens, indicates that it can 
not be regarded as entirely pseudomorphous, as these scales certainly do not 
have the form of the original minerals. On the contrary, the form is that of 
talc itself and must have resulted directly from the independent growth of 
that mineral. The materials, doubtless, were supplied by the constituents of 
the schist, but the structure of the latter, physical as well as chemical, has 
broken down. From this, it seems possible that the fibrous structure of the 
deposits may be an indication of a lack of completenes’ in the process of 
alteration which, if continued to its ultimate end, would convert all of the 
schist to scaly tale. From what has been said above, it is evident that the 
possibility of such a complete change of structure has an economic bearing, as 
it would result in the destruction of the most valuable properties of the tale. 
From this point of view the question is two-fold, involving the possibility of 
such a complete change, and the probability of its taking place at moderate 
depths, so as to put a stop to profitable mining. On neither of these points 
are there conclusive data at hand but, while it is not impossible that such a 
complete alteration may have occurred in some portions of the deposits, it 
would, doubtless, be very irregularly distributed; and as it would be inde- 
pendent of the present topography, would be developed, at such depths as to 
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prevent further working, only by a coincidence. For these reasons, it seems 
entirely justifiable to neglect this factor in estimating the extent and value of 
the deposits. 

In the case of most mine products, the chemical composition is the most 
important feature, the aim being to secure the greatest amount possible of 
one or more constituents of the material mined and in a condition suitable 
for extraction. With the talc, this is not so; its value is entirely dependent 
upon its physical properties, and its chemical composition is of importance 
only as it conditions these. ‘The connection between physical properties and 
chemical composition is, of course, most intimate, and hence the composition 
is of importance indirectly. The value of the material does not, however, 
depend upon the presence of some one element which is to be extracted, but, 
instead, upon the character resulting from the union of all the elements 
present. 

If any one constituent can be said to have particular value, it is the 
water. Its importance lies in the probability of its giving the soft and pliable 
character to the mineral. Of course, it is impossible to say that this is posi- 
tively the case, but it is a familiar fact that many minerals which contain the 
elements of water are softer than other minerals having nearly the same com- 
position aside from this constituent. In using the term “water” in this 
connection it is not meant to imply anything definite as to the condition in 
which its elements are present; for in most cases, as with the talc itself, this 
is a disputed point. 

The predominant importance of the physical properties of the tale ren- 
ders simple mechanical tests of more practical value than elaborate chemical 
analyses in determining its grade. Were the material of sufficient value to 
demand careful discrimination in dealing with it, microscopic examination of 
the powder would perhaps afford the most accurate method of grading. By 
this means the perfection of fibrous structure, together with the relative 
amounts of talc, tremolite and foreign impurities could be rapidly determined. 
With existing prices, however, such refinements are unnecessary. 

A chemical analysis, of course, shows whether the alteration of the schist 
into tale is complete and, if made on a sample taken from a fibrous mass, is a 
thorough test of the value of the material. But aground sample might afford 
an excellent analysis, and yet lack entirely the fibrous structure necessary to 
give it the desired binding properties. In this way, a purely chemical exam- 
ination might lead to very inaccurate conclusions as to the quality of the 


material. 
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The following analyses suffice to indicate the composition of the tale: 


I. 1b TLE IV. Va 

SiO oe Ree OS 59.92 52.42 61.28 62.10 
AO ee ee Os pOsS eC ee a vd oe is ie 2 
F302 ae eee | 
FeQ: ele) Ree ona eae ae nile en ener ater a 1.30 
MnO pss re peter eG OF ei Pareto es Ne 2.15 
MoO! ieee) eeiawere 81.37 36.24 26.58 32.40 
CaO. “oe ee Aaa 0:67) REE ie 0 ee 
Na,O hc eee Olt.) Sad ie iii) ee an eaeee 
HO) «ot Ss Ae es GEO5 MINE, 3s Oa ae 2.05 

Totaly 1 ee mr00rss 99.85 88.66 87.86 100.00. 


All of these are analyses of fibrous tale, except HI, which is the foliated 
variety. I and II are from Dana’s System of Mineralogy, page 679; III and 
IV from “The Mineral Industry,” Volume I, page 425; and V is communi- 
cated by Mr. A. J. McDonald, Superintendent of the International Pulp 
Company, to whom the writer is indebted for much information used in the 
preparation of this report. 

The figures shown in I, Il and V agree quite well with the theoretical 
composition of tale, and present some features which seem difficult to 
reconcile with the hypothesis offered to account for the formation of the 
deposits, notably the small amount of lime and alumina. But it is probable 
that these analyses are made on selected samples, and that the average com- 
position of the product of the mines would show more of these impurities. 
Moreover, the thickness of the deposits makes it possible to mine only the 
best and most completely altered material, thus tending to keep the average 
composition fairly close to the theoretical percentages. That there are, how- 
ever, wide variations, is shown by the incomplete analyses, III and IV, which 
probably represent the ground product. 

During the past year the industry has been in a fairly active state, though 
not so flourishing as formerly. ‘The output for the year is estimated, by a 
competent authority, to be about forty thousand tons. The selling price of 
the finished product ranges from seven to twelve dollars, depending upon the 
quality. 

The great bulk of the product is used as a filler and weighter in the 
manufacture of the medium grades of paper. Its value here is a result of its 
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fibrous and phable character, which causes it to be retained in the paper 
pulp, to which its binding properties give added toughness. Formerly, 
various clays were used as fillers, but these did not strengthen the paper, and 
only thirty to forty per cent. of the clay was retained by the pulp, while of 
the tale, seventy to ninety per cent. is retained. 

Smaller quantities of tale are used in the manufacture of cheap grades of 
soap, in toilet powders, in the adulterations of various substances, and in the 
manufacture of dynamite. 

There seems to be no reason for doubting that the demand for tale will 
continue, and increase with the revival of business interests in general. As 
existing plants can largely expand their output at any time, it is not probable 
that any new properties will be developed in the near future. The many 
advantages enjoyed by the plants now in operation are sufficient to prevent 
new competitors from entering the field, unless there be some great increase 
in the demand for tale. The present conditions are not such as to stimulate 
search for new deposits, and past efforts in this direction have not been 
encouraging. The great extent of crystalline limestone in the region makes 
it probable that other tale deposits exist, but it would be surprising if any 
which equal in size and quality the deposits now worked, should have 
remained undiscovered till the present time. 
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Physical Tests of the Devonian Shales of New York State 
to Determine their Value for the Manufacture 
of Clay Products. 


By Hervricn Rims. 


The extensive developments, in recent years, of the manufacture of clay 
products having an impervious or vitrified body, as well as strength and 
toughness, has led the manufacturers of these goods to experiment consider- 
ably in order to determine what class of clays is best suited for the production 
of them. The result of these experiments has been the almost universal 
adoption of shale for this purpose. 

The production of a vitrified body depends on the proper amount of 
fusible impurities in the clay, and that these fluxes shall be of such nature 
that the clay can be brought to vitrification without danger of its becoming 
viscous. It is in shales that these qualifications are usually found. 

An extensive branch of the clay-working industry depending upon 
shale for its support, has thus sprung up. The product is principally paving 
brick and sewer-pipe. 

Some idea of the extent to which shale is used may be gained from the 
following figures of production given in the “Mineral Resources” of the 
United States Geological Survey, for 1895. The states given are those in 
which shale is almost exclusively used. 


PRODUCTION OF VITRIFIED PAVING BRICKS IN 1895. 


STATE. THOUSANDS, VALUE, 
LIE OR St, Se cis oF 2,300 $23,500 
TU O Ler ieee eae Tis eo we ROO 643,997 
MOUS, ed ee Mia eth ho 8.5 ul oleae, .j-0 dis wile cs OLO — 204,000 
LOS EARL erat” SU an are erie art kes AUT: 243,928 
BVO UIT ay ae rene ee ct) 6 © oy, ee\ oo a tie hs O ~ 54,640 
UNG Wie OU Ke State cal Sen eyo, fal sae ee OOo 121,892 
Cliente ty SS ey OR ban 787,878 


Totaly tia iy oon aed, 200,110 $2,079,835 
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These figures, though large, do not include other shale products, such as 
sewer-pipe, stoneware, terra-cotta, pressed brick, etc., and as will be seen from 
them, Ohio and Illinois are the largest producers. The works in these two 
states have been erected on a large scale, and the products find a wide 
application. 

Until recently shale was little used by clay workers in the eastern 
states, but, having become convinced of its value, they are now taking full 
advantage of it. 

The whole southern half of New York state is underlaid by a formation 
including among its members many extensive shale deposits. These have 
been tried with success at several points, and their utilization should expand 
rapidly in the near future. 


General Properties of Shales. 


A shale is practically nothing more than a hardened clay, having been 
formed in the same manner, viz.; as a fine sediment deposited in the quiet 
portions of lakes or seas, but subsequently hardened by burial under other 
sediments laid down upon it. 

Although shales are apparently very distinct from clay, on account of 
their rock-like condition, the two materials have practically the same physical 
and chemical characters, and shale, when ground and mixed with water, 
possesses the same plasticity as clay. 

Shale-hke clay may vary considerably, for just as a clay, by an increase 
of its siliceous contents, may pass into sand, so a shale, by an increase of 
sand grains in its composition, may grade into a sandstone. This is not at 
all an uncommon occurrence. 

Shales may also exhibit another change, viz.; passing into slate as a 
result of metamorphism. Such slates, when ground and mixed with water, 
will never have the same plasticity as shale. They also show a false bedding 
developed as a result of pressure, while the original layers of sedimentation 
are almost obliterated, the slate showing no tendency to split parallel to them. 

At times shales run so low in impurities that they are adapted for the 
manufacture of refractory materials. Such shales are restricted almost entirely 
to the Carboniferous period (in the eastern United States) and are therefore 
not to be sought in New York state. 

It sometimes happens that shales are so charged with bituminous matter, 
that this impurity has to be taken into consideration in the process of burning, 
on account of the enormous heat which it is likely to develop. 
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Most shales contain a large percentage of fusible impurities and it is this 
which enables them to burn to a hard, dense, tough body so essential to 
vitrified wares, and especially to paving brick. Their action under heat, how- 
ever, varies with their physical and chemical properties, which may be briefly 
stated. 


Chemical Properties of Shales. 


Pure clay is fusible only at extremely high temperatures, but the presence 
of a slight amount of impurities may lower its melting point considerably. 
The impurities found in clays and shales are silica, alumina, iron, lime, mag- 
nesia, alkalies, water, organic matter, titanic acid, phosphoric acid, sulphur 
and sometimes manganese. All these impurities may be placed in one of 
two classes, depending on whether they are active or fluxing impurities, or 
inert or non-fluxing ones. 


Fluxing Impurities. 


These, in the order of their effectiveness, are alkalies, lime, magnesia and 
iron. The manganese, sulphur and phosphorus would come under this head, 
but are seldom present in sufficient quantities to be worth considering. 

Alkalies. The alkalies in clay may be ammonia, potash, soda and lithia. 
The lithia is extremely rare and need not be considered. The ammonia is 
frequently present in shales, but as it volatilizes at low temperatures its only 
effect is to give a slight, characteristic odor to the material when moist. 

Soda and potash are powerful fluxes, which are found in nearly all shales. 
They vary in quantity from a trace up to nine or ten percent. This variation 
depends on the quantity of feldspar grains present, for this mineral is the 
usual source of the alkalies in shales and clays. Aside from the feldspars, 
mica may also furnish potash. The mica shows itself as small glistening 
scales scattered through the shale. . 

The alkalies are sometimes present in soluble form as sulphates, which 
may cause considerable trouble. In the drying of the clay the water coming 
to the surface to evaporate will leave these soluble alkaline salts on the sur- 
face as a white coating. In salt-glazing sewer-pipe the sodium vapors from 
the salt thrown into the fire unite with the silica and alumina of the clay, 
thus forming the glaze. If, now, a coating of these soluble sulphates is pres- 
ent, it prevents this chemical union and formation of the glaze. Furthermore, 
if the heat is not raised sufficiently to decompose any sulphate salts 
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present, they. may form a white coating on the surface of the burned ware. 
The decomposition of sulphates is also accompanied by the disengagement 
of sulphuric acid, which, if it escapes with violence, may cause blistering. 

Lime is a common detrimental impurity. It is abundant in some mem- 
bers of the New York shales, especially those of the Salina group in central 
New York. When present to the extent of only two to three per cent. it is 
practically harmless. The common source of lime in shales is feldspar, which 
is a double silicate of lime and soda; or calcite, which is carbonate of lime. 
The latter may be detected by the effervescence produced on the addition of 
muriatic acid, 

Lime in the condition of silicate may serve as a useful flux, if present to 
the extent of four or five per cent. 

Carbonate of lime may render a shale very fusible and materially lower 
the difference in temperature between the points of incipient fusion and 
viscosity. Lime also diminishes the shrinkage of a clay in burning; in fact, 
an excess, say twelve to fifteen per cent., may cause the clay to swell slightly. 

An excess of lime over iron will counteract the reddening effect of the 
latter by the formation of a silicate of lime, iron and alumina. 

Seger found that if the lime exceeded the iron in the proportions of three 
to one, the product is a good buff. He also found that a good brick could, 
with care, be made from a clay containing twenty to twenty-five per cent. of 
carbonate of lime, but it is not safe to make a vitrified one from such clay. 
Sulphate of lime is not uncommon in some New York shales, and its action 
on heating may be the same as described under sulphates of the alkalies. 
Some of the marly shales of central New York may be found more suitable 
for the manufacture of Portland cement than for clay products. 

Magnesia is not an abundant element in most shales, although in some of 
the Salina shales it is common. Magnesia is derived from the same classes of 
compounds as lime, and, as far as known, exerts the same influence. 

Tron. This element acts not only as a flux but also as a powerful color- 
ing agent of clay materials, both in their green and burned conditions. It 
may exist in clays in a variety of forms, according to the mineral of which it 
is a component element. These mineral compounds may be silicates, carbon- 
ates, oxides or sulphates. In all these combinations it exists in the condition 
of either a ferrous or ferric salt; but in burning, the former generally become 
oxidized to the latter, unless the fire is reducing in its action. When pyrite 
occurs in the shale, it will, if in grains or lumps, produce fused spots in 


burning. It acts as a strong flux. 
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Ferrous iron compounds are more fusible than ferric ones, and conse- 
quently with reducing fire the clay will fuse at a lower temperature; at the 
same time, it will not burn to as bright a red. If treated to an oxidizing 
fire, the presence of ferrous salts need not be considered. Iron salts are 
affected by varying conditions in burning. If the temperature is raised too 
rapidly the outer portion of the piece of clay being burned may shrink and 
become dense before the air has had time to permeate the clay and oxidize 
the iron in the centre of the body. The centre of a brick or other piece of 
clay ware may thus be dark and porous while the surface is red and dense. 
A further result of this will be a differential shrinkage between centre and 
exterior and possible cracking. 

Unburned shales may be yellow, blue, brown, red, gray or green in color, 
depending generally on the relative amounts of ferrous and ferric salts present. 
The same variety of shades and colors is produced in burning. Ferrous iron 
alone may impart a green color to burned clay, and ferric oxide red or, with 
hard firing, purple. The higher the temperature to which a clay is subjected, 
the deeper usually is the color produced by the same amount of iron. 


Non-Fluxing Impurities. 


These include silica, titanium, organic matter and water. 

Silica. This may be present either as quartz combined with alumina 
and water in the form of kaolinite, or combined with other elements, as 
in feldspar and mica. Silica renders a clay more refractory, lessens its 
shrinkage in burning and decreases the plasticity. On this account plastic 
clay or shale is added to very siliceous ones. 

Titanium is a seemingly rare element in clays, due to the fact that it is 
seldom looked for in chemical analysis. It is never present in great quanti- 
ties, rarely over one per cent., and only exerts a fluxing influence at high 
temperatures and when six or seven per cent. of it are present. 

Organic matter. Very common in black and in some grey shales, and 
may mask the color which any iron present might produce. It may be pres- 
ent as finely disseminated particles or in the form of stems or other plant 
remains. Organic matter burns off at a bright red heat. Its chief influence 
lies in the increased plasticity of a clay or shale, provided an excess of sand 
is not present. 

Water is present in shales in two forms, viz., chemically combined water 
and mechanically combined water or moisture. The moisture in unweathered 


shales is generally low, but in mellowed portions of their outcrops it may be 
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twenty or thirty per cent. Air drying expels most of the contained moisture 
and at the same time a shrinkage of the material takes place. Sandy, coarse 
grained clays show the least shrinkage, but fine grained ones may sometimes 
show considerable diminution of volume on air drying. The larger the 
quantity of water absorbed by a shale in tempering, the more will it shrink 
in drying. If the clay is fine grained, rapid drying may cause it to split. 
The last traces of moisture are generally driven off in the kiln during the 
early stages of burning. 

Combined water. This is present in all shales. It usually varies from 
three to eight or ten per cent. in shales, depending on the amount of clay 
substance and perhaps other hydrated minerals present. Combined water is 
driven off at a low red heat, or about 1,200° F., and with the passing off of it 
there also begins a second shrinkage. While the amount of combined water 
does not stand in any close relation to the plasticity, nevertheless when once 


the combined water is driven off, the clay can no longer be rendered plastic. 


Physical Properties. 


These are considerations of as much importance as the chemical ones, for 
they exert fully as much influence on the characters of clay or shale. The 
important physical properties which should always be considered, are 
fusibility or behavior under heat, plasticity, tensile strength or cohesion and 
absorption. 

Plasticity. This is one of the two important properties which makes 
clay of such use to man, for it permits of molding it into any desired form, 
which is retained when the clay is dried. Plasticity, however, is a variable 
property, some clays possessing it to only a slight degree, others having 
it highly developed. The former are called “lean,” the latter “fat.” 
Very fine and very coarse grained clays are generally lean. An excess of sand 
also tends to diminish the plasticity, and consequently very siliceous shales, 
those passing into shaly sandstones, should be avoided, or should not be used 
unless mixed with more plastic material. Organic matter frequently increases 
the plasticity of a clay and makes it very fat, unless there is an excess of sand 
present. If water be gradually added to dry clay and the mass thoroughly 
kneaded, it will be found that its plasticity increases up to a certain point, 
but if more water is added it begins to decrease until finally the clay runs 
like soft mud. The amount of water absorbed by shales or clays depends in 


general on their plasticity, very “fat” ones requiring the addition of a large 
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- quantity of water, and “lean” ones usually needing but little. Of course 
there are exceptions to this rule. 

The production of maximum plasticity has a practical bearing in the 
tempering of the clay, for if too little water is added, the clay will frequently 
crack in molding. 


Tensile Strength, or Cohesion. 


The plasticity of a clay has been found to be due to the interlocking of 
its particles,* consequently a mass of clay, when air dried, offers a resistance 
(which may be great) to any force tending to pull it apart. This tensile 
strength or cohesion stands in close relation to the plasticity, and consequently 
serves as a measure of it. The tensile strength is expressed in pounds per 
square inch and is determined by forming the wet clay into briquettes of the 
same shape and size as those used in testing cement, allowing them to air dry 
and then pulling them apart in a cement testing machine. 

Clays which appear moderately plastic when worked in the hand, will 
show a tensile strength of 100 to 150 pounds per square inch when air dried. 
Lean clays may run about fifty pounds per square inch, often lower. Very 
plastic clays may show 250 to 300 pounds tensile strength per square inch. 
Very fine and very coarse grained shales or clays show a low strength. 


Behavior under Increasing Temperature. 


Shrinkage. The amount of shrinkage that clay materials undergo in 
drying, depends somewhat on the amount of water absorbed or the porosity 
of the clay. Coarse grained clays may absorb much water and yet shrink 
very little. Having larger pores, they will also permit the water to escape 
more rapidly and consequently can be dried quicker, while fine grained ones, 
owing to the smaller size of their pores, must dry slowly. 

The air shrinkage of a clay begins as soon as it is molded and set out in 
the open air or put in tunnels to dry, and continues until all the moisture is 
driven off. It may be as low as two per cent. in lean, coarse grained clays, or 
reach twelve or thirteen per cent. in others. The highly plastic clays do not 
always shrink the most. 

The fire shrinkage begins when the combined water commences to pass 
off, or at a temperature of about 1,200° F. It may also vary within the same 
limits as the air shrinkage. It is, however, affected by several factors. It 


* Olchewsky. Tépfer und Ziegler Zeitung, 1882, No. 29. 
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often increases with the amount of organic matter or combined water present, 
and diminishes with the amount of sand which the shale or clay contains. 
Lime in excess exerts the same influence as sand. 

Between the points at which air shrinkage ceases and fire shrinkage 
begins, the clay shrinks little or not at all, therefore in burning clay wares 
the heat can be raised rapidly between these two points, but above and below 
them it should be raised slowly as long as any water is passing off, to prevent 


cracking. 
Fusibility. 


No clays, on being subjected to a rising temperature, pass suddenly 
from a solid to a fluid or viscous condition; on the contrary, they change 
slowly from the condition of solidity to that of viscosity. This change may 
occur within a range of 75° F., as in very marly shales, while in others it may 
require a rise of 400° F. to convert the material from solidity to viscosity. 

As the heat is raised to a temperature varying from 1,500 to 2,000° F. 
in different shales and clavs, the particles of the clay soften somewhat, and 
become tightly stuck together. In fact, the individual grains may no longer 
remain distinct, and the clay can barely be scratched with a knife. This is 
the point of incipient fusion and, as Wheeler* has suggested, this is a good 
term to use in defining this stage. 

As the temperature is raised from 100° to 200° F. higher (also depending 
on the clay), the clay becomes completely vitrified ; the body resembles one 
solid mass and is impervious or nearly so. The clay has also acquired its 
maximum toughness and maximum shrinkage. With an additional varying 
rise of temperature, viscosity occurs. The point of vitrification is generally 
midway between incipient fusion and viscosity, and these two latter points 
may be from 100° to 400° F. apart; the nearer 400° the better. It should 
not be less than 200°, otherwise there is the danger of loss in burning, for 
with so little margin between vitrification and viscosity it is hard to run the 


burning to the former point without passing it and reaching the latter. 


Manufacture of Paving Brick. 


As the most extensive use of shale is for the manufacture of paving 
brick, it may not be out of place to describe briefly the methods employed. 

Owing to its hard nature, shale generally has to be mined by blasting, 
although in some cases, as at Galesburg, Ill, a steam-shovel has been found 


* Vitrified Paving Brick, Indianapolis, 1895 


. 


Rims—Puystcat Tests or Drevontan SHALEs. 683 


efficient and economical. The economy of this latter method depends, how- 
ever, on its being kept at work as steadily as possible, and consequently it is 
chiefly applicable to larger plants. 

Preparation. Before being mixed with water or tempered, the shale is 
first ground in dry-pans or disintegrators. 

Dry-pan. This consists of a circular iron pan with perforated bottom. 
In the pan are two mullers about twelve inches wide and supported on a 
horizontal axle. The mullers weigh from 2,000 to 4,000 pounds and revolve by 
the tangential friction of the pan floor, which is turned by power transmitted 
from the engine. Scrapers attached to the axle of the mullers keep the mate- 
rial charged, in their path. The shale when ground fine enough falls through 
the slits in the pan-bottom. These slits are generally one-eighth to three- 
sixteenths of an inch wide. The capacity of a dry-pan varies with the size 
of the screen openings and character of the clay, but one hundred tons in ten 
hours with one-eighth inch screen openings is a fair capacity. 

Disintegrators, consisting of concentric wheels bearing cross pieces and 
revolving in opposite directions, or of an axle bearing steel arms which revolve 
between a series of parallel steel bars, are often found effective. The pieces 
of shale are ground not only by being hit by the rapidly moving arms, but 
also by being thrown against each other. 

Screening. The ground shale is generally transported from the dry-pans 
or disintegrators to the screens by means of bucket elevators or traveling 
belts. Three general types of screen are used. 

1. Inclined screens, ten to fourteen feet long, with wire cloth or perforated 
metal bottom. They are often provided with a tapping device to keep them 
from becoming clogged. Inclined screens are simple and cheap, but have 
small capacity. 

2. Rotary screens, of cylindrical or octagonal form, usually provided with 
automatic devices, such as brushes to keep them clean. 

3. Shaking screens, fixed at one end and driven by crank and piston or 
eccentric. These are cheap and simple in operation. 

While all these screens are designed to perform their work automatically, 
still few of them can be left without attention for any length of time. 

The tailings from the screens are returned to the crusher or disintegrator. 

Tempering is usually done in wet-pans or pug-mills. 

Wet-pans. 'These resemble dry-pans, but have a solid instead of perfo- 
rated bottom. The clay is charged in lots of 600 to 1,000 pounds and water 
added. Wet-pans are very rapid in their action, a charge for brick or sewer 
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pipe being tempered in a few minutes. The charge is generally removed by 
means of a long-handled shovel pivoted on an upright arm. Wet-pans have a 
greater capacity and are more efficient than pug-mills, but consume more 
power. 

Pug-millg consist of a horizontal or inclined trough in which there 
revolves a shaft bearing knives or a worm screw. The material with water 
is charged at one end and, by means of the screw thread or knife blades, is 
mixed thoroughly and at the same time passed to the other end of the trough, 
where it is discharged. To insure thorough tempering, pug-mills should not 
be less than eight or ten feet long. They are extensively used by paving- 
brick manufacturers, and so arranged that their contents are discharged 
directly into the molding machine. 


Molding. Paving brick may be manufactured by one of three processes, 
viz., the stiffmud, soft-mud or dry-clay process. 


Stiff-mud process. This is the most used by paving-brick manufacturers. 
In this process the clay is discharged from the machine through a rectangular 
steel die, whose cross-section may be 9x4 or 2x4 inches, depending on whether 
the brick is to be end-cut or side-cut. As the bar of clay issues from the 
machine it is received on the cutting table and cut up into bricks, either by a 
series of parallel wires fastened to a moveable frame, or by means of a revolvy- 
ing wheel, also bearing a series of wires. The capacity of the machine may 
be materially increased by having a double or triple die, so that more than 
one bar of clay issues at the same time, but a single die will give an 
auger machine a capacity of 50,000 brick in ten hours. The clay should 
be thoroughly pugged before being charged into the machine. Auger 
machines combine economy and large capacity, and their use has not only 
become widespread but necessary to enable the manufacturer to compete 
successfully with his rivals. 

Auger machines are adapted to a wide range of clays, except very lean 
or very plastic ones. The former seldom have enough cohesion to hold 
together in passing through a die, and the bar of clay cracks and tears. Very 
plastic clays develop a series of concentric laminations in the brick which are 
a serious detriment to its strength. The laminations in two bricks made from 
the same shale may be very differently developed, if molded in machines of 
different make. Much attention is, therefore, paid to improving the construc- 
tion of the dies and other portions of the machine as small changes may often 
cause considerable difference in the structure of the brick. 
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Stiffmud brick are frequently repressed, as it is considered to improve 
the quality of the product and, indeed, this is true within certain limits. 

In a series of experiments recently made by Professor E. Orton, Jr., it 
was found that end-cut bricks were tougher than side-cut ones, and when 
repressed they were still more so. These experiments are important and 
interesting and worth mentioning in detail. A number of bricks were made 
from the same lot of shale, but molded on different machines. They were, 
however, all burned together in the same kiln. These brick were tested in a 
rattler and it was found that the loss by abrasion was least in the case of the 
end-eut repressed brick. 

Soft-mud process. This method is sometimes used for shales or clays 
which can not be molded in stiff-mud machines, and works well. It is being 
used at one locality in New York state for the manufacture of paving brick. 
The soft-mud process gives a brick of thoroughly uniform texture, but on 
account of its limited capacity the cost of production is greater than with 
stiff-mud machines. 

Drying. Paving brick are generally dried by artificial heat. Two 
general systems of drying may be noticed, viz., floor-dryers and tunnel-dryers. 
The latter have the most extended application. 

Floor-dryers. These may be of brick, heated by flues underneath them, 
which conduct the heat from the fire-place at one end. Such floors are cheap, 
but the heat is very unequal at the two ends, and the use of such floors 
involves considerable labor in handling. Slatted floors, such as those used 
for drying sewer pipe, may be used, but their cost of installation is great, and 
the bricks also require much handling. 

Tunnel-dryers. ‘The tunnels are made of brick or wood and heated by 
hot air, steam or flues running under them. The bricks are piled on cars, 
which are run on tracks into the tunnel. The cars are run in at one end 
and always taken out at the other. The hot air is introduced at the end 
where the bricks are taken out. 

A recent improvement is the drawing of hot air from the cooling kilns 
and blowing it through the tunnels. Though still in the experimental stage, 
this method will no doubt be widely used before long. 

Burning. Paving brick are generally burned in down-draft kilns. 
These are of rectangular or circular shape, the former having a capacity of 
160,000 to 200,000 and the latter about 30,000. The rectangular ones are 
quite generally used now, and it is only in a few districts that the manu- 
facturers cling to the circular ones. 
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Continuous kilns are used at several localities, and while they work 
fairly well, still they can hardly be considered to have completely emerged 
from the experimental stage. 

In burning paving brick the temperature is gradually raised to the point 
of vitrification and the kiln held at this temperature for several days in order 
to allow the heat to thoroughly penetrate each brick and cause it to get its 
maximum shrinkage. The kiln is then cooled very slowly to anneal the brick 
and give a hard, tough product. 

The temperature attained in paving-brick kilns varies, but it may be said 
in general to vary from 1,700° F. to 2,000° F. In experiments made by 
Professor Orton, Jr., of the Ohio Geological Survey, the temperatures of 
paving-brick kilns when at their best heat varied from 1,800° F. to 1,920° F. 
In the New York shales tested it was about 2,100° F. 


Requisite Qualities of Paving Brick. 


As paving brick are laid in streets, they are subjected to considerable 
wear and tear, which they should be able to withstand if of good quality. 
In order to determine by experiment in the laboratory whether a paving 
brick possesses the requisite characters, certain standard methods of testing 
have been devised. 

Recently the National Brickmakers Association appointed a committee 
to carefully go over the various methods of brick testing and draw up a set 
of standard specifications. The tests considered were the rattler, absorption, 
cross-breaking and crushing test, and the recommendations of the committee 


were as follows: 


Specifications for Abrasion Test. 


I. Dimensions of the machine. The standard machine shall be twenty- 
eight inches in diameter and twenty inches in length, measured inside the 
rattling chamber. Other machines may be used, varying in diameter between 
twenty-six and thirty inches, and in length from eighteen to twenty-four 
inches, but if this is done a record of it must be attached to the official report. 
Long rattlers may be cut up into sections of suitable length by the insertion 
of iron diaphragms at proper points. 

LT. Construction of machine. 'The barrel shall be supported on trunnions 
at either end; in no case shall a shaft pass through the rattling chamber. 
The cross-section of the barrel shall be a regular polygon having fourteen 


sides. The heads and staves shall be composed of grey cast iron, not chilled 
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or case hardened. There shall be a space of one-fourth of an inch between 
the staves for the escape of dust and small pieces of waste. Other machines 
may be used having twelve to sixteen staves, with openings from one-eighth to 
three-eighths of an inch between the staves; but if this is done, a record of it 
must be attached to the official report of the test. 

ITI, Composition of the charge. A\\ tests must be made on charges 
composed of one kind of material at a time. No test shall be considered 
official where two or more different bricks or materials have been used to 
compose a charge. 

IV. Quantity of the charge. The quantity of the charge shall be 
estimated by its bulk and not by its weight. The bulk of the standard 
charge shall be equal to fifteen per cent. of the cubic contents of the rattling 
chamber, and the number of whole brick whose united volume comes nearest 
to this amount shall constitute a charge. 

V. Revolutions of the charge. The number of revolutions of a standard 
test shall be 1,800, and the speed of rotation shall be thirty per minute. The 
belt power shall be sufficient to rotate the rattler at the same speed whether 
charged or empty. Other speeds of rotation between twenty-four and thirty- 
six revolutions per minute may be used, but in this case a record of the speed 
must be attached to the official report. 

VI. Condition of the charge. The bricks composing the charge shall be 
dry and clean, and, as nearly as may be possible, in the condition in which 
they were drawn from the kiln. 

VIL. Calculation of the results. The loss shall be calculated in per- 
centage of the weight of the dry brick composing the charge, and no result 
shall be considered official unless it is the average of two distinct and complete 


tests, made on separate charges of brick. 


Specifications for Absorption Test. 


1. The number of bricks for a standard test shall be five. 

2, The tests must be conducted on rattled bricks. If none such are 
available, the whole bricks must be broken into halves before treatment. 

3. The bricks should be dried for forty-eight hours at a temperature 
ranging from 230° to 250° F. before weighing for the initial dry weight. 

4. The bricks should be soaked for forty-eight hours, completely 
immersed in pure water. 

5. After soaking and before weighing, the bricks must be wiped dry 
from surplus water. 
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6. The difference in weight must be determined on scales sensitive to 
one gram. 
Lond 


7. The increase in weight due to water absorbed shall be calculated in 


percentage of the initial dry weight. 


Specifications for Cross-Breaking Tests. 


1. Support the brick on edge, or as laid in pavement, on hardened steel 
knife-edges, rounded longitudinally to a radius of twelve inches and trans- 
versely to a radius of one-eighth inch, and bolted in position so as to secure a 
span of six inches. 

2. Apply the. load to the middle of the top face through a hardened 
steel knife-edge, straight longitudinally and rounded transversely to a radius 
of one-sixteenth inch. : 

3. Apply the load at a uniform rate of increase until fracture ensues. 

4. Compute the modulus of rupture by the formula 


8 wel 
; 2) Vereen 
boa? 
in which 

* — modulus of rupture in pounds per square inch. 
w — total breaking load in pounds. 
/ — length of span in inches — 6. 
2 — breadth of brick in inches. 
7 — depth of brick in inches. 


5. Samples for test must be free from all visible irregularities of surface 
or deformities of shape, and their upper and under surfaces must be perfectly 
parallel. 


6. Not fewer than ten bricks shall be broken, and the average of all be 
taken for a standard test. 


Specifications for Crushing Test. 


1. The crushing test should be made on half bricks, loaded edgewise, 
or as they are laid in the street. If the machine used is unable to crush a 
full half brick, the area may be reduced by chipping off, keeping the form of 
the piece to be tested as nearly prismatic as possible. A machine of at least 
100,000. pounds capacity should be used, and the specimen should not be 
reduced below four square inches of area in cross-section at right angles to 
the direction of the load. 
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2. The upper and lower surfaces should be preferably ground to true 
and parallel planes. If this is not done they should be bedded in plaster-of- 
paris while in the testing machine, which should be allowed to harden ten 
minutes under the weight of the crushing planes only before the load is 
applied. 

3. The load should be applied at a uniform rate of increase to the point 
of rupture. 

4. Not less than an average obtained from five tests on five different 
bricks shall constitute a standard test. 

It was resolved by the commission that “from the experimental work 
done so far by the commission, or by others so far as is known to us, in the 
application of the cross-breaking and crushing tests to paving brick, it is not 
possible to show any close relationship between the qualities necessary for a 
good paving material and high structural strength as indicated by either of 
these tests.” 


Extent of New York Shales, together with Tests of Samples from Type 
Localities. 


The shale bearing formations occurrmg in New York state, beginning 
with that geologically oldest, are as follows: 
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Of these formations only the shales of the Salina, Hamilton, Portage 
and Chemung are at present being utilized. 

Hudson river. This formation is abundantly displayed in the counties 
of Lewis, Oneida, Montgomery, Schenectady and Columbia. Its tendency is 
to exhibit siliceous or slaty phases, but in eastern Columbia county it becomes 
at times argillaceous and at the same time contains considerable iron. 

Medina. The Medina formation at times is shale bearing, as along the 
(renesee river, where it is also marly, but the extent of the shaly layers is 
unimportant. (Hall, Geology of the Fourth District of New York, p. 38.) 

44 
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The Clinton group is shale bearing in its lower members in eastern 
Wayne county. It is a bright green shale and is about thirty feet thick. At 
Sodus Point the shale is purplish. It occurs at other localities, but is very 
thin, not more than two to four feet (did, p. 59.) The second green shale 
of the Clinton group is less brilliant in color and everywhere full of fossils. 
It is well exposed at Rochester and at Wolcott furnace, in the banks of the 
creek, where it is over twenty-four feet thick. The shale is probably fre- 
quently calcareous. 

Niagara. Although a prolific shale formation in New York state, 
the writer has not seen any exposures of it which were not either very sill- 
ceous or calcareous, so that it would probably not work well for the manu- 
facture of clay products. When ground and mixed with water it possesses 
no plasticity. 

According to Professor Hall (Geology of the Fourth District of New 
York, p. 80), the Niagara shale forms a member of great development in the 
lower part of the Niagara group. It is a dark bluish shale which, on expos- 
ure, forms a bluish grey, marly clay. It is well shown at Lockport, in the 
sides of the gorge at Rochester, just below the railroad bridge, and at many 
localities in Wayne and Monroe counties. The lower layers of the shale are 
less calcareous than the upper ones. 

The following is an analysis of this shale, the sample taken from the 
gorge at Rochester (Sixteenth Annual Report United States Geological 


Survey, part IV, p. 569). 
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H. T. Vulté, Analyst. 


The shale is also to be found in many of the ravines and gorges, from 
Rochester to the Niagara river. 

Sulina. The shales of this formation are contained in a belt extending 
from Syracuse westward along the line of the New York Central railroad to 
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Buffalo. As a rule they are extremely impure and at times even marly. 
They are soft shales, which weather very easily, and are generally red or 
green in color and contain the beds of gypsum and salt. 

The Salina shales are well exposed at Warners, near Syracuse, where 
they are utilized for making brick. 


Professor Hall says of the Salina or salt group (Geology of the Fourth 
District of New York, p. 117), that it forms an immense development of shaly 
marls and limestones, with interbedded deposits of gypsum. The formation 
extends from Syracuse westward through southern Wayne county, and 
northern Ontario and Seneca counties, northern Genesee and Erie counties 
and a small part of the southern portion of Niagara. This group contains 
important shale beds, although they are unfortunately very calcareous at 
times and consequently require careful manipulation. 

The red shale forming the lower divisions of the group was not observed 
west of the Genesee river. It appears in eastern Wayne county, as indicated 
by the deep red color of the soil overlying it. At Lockville the greenish blue 
marl with bands of red has been quarried from the bed of the canal. West 
of the Genesee this is the lowest visible mass; the red shale has either 
thinned out or lost its color, becoming gradually a bluish-green ; while other- 
wise the lithologic character remains the same. On first exposure it is 
compact and brittle, presenting an earthy fracture, but a few days are 
sufficient to commence the work of destruction, which goes on till the whole 
is resolved into a clayey mass. 

The green marl of the lower division appears near the canal at Fairport 
and again at Cartersville. The bed of the stream at Churchville shows the 
greenish-blue marl. 

“The prevailing features of the second division of this group,” says 
Professor Hall, “are a green and ashen marl, with seams of fibrous gypsum 
and red or transparent selenite. It occurs in the vicinity of Lyons and 
numerous points farther west.” 

The third division contains large gypsum beds and is probably not 
suitable for use. 

The Salina shale, as stated above, is worked at Warners, Onondaga 
county, by the Onondaga Vitrified Brick Company. 

The shale as exposed in their bank consists of a green or red, soft, 
argillaceous shale, of considerable impurity as the following analyses 
furnished by the company show. 
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CALCAREOUS 
LAYER IN BANK. RED SHALE. BLUE SHALE. 
Silicaste.! S40 = pareare 25.40 52.30 ay eee) 
Alnmina,eait, sie 9.46 18.85 16.15 
Ferme oxides, ene 2.24 6.55 5.20 
Lime, . 22.81 3.36 2.738 
Magnesia, 10.39 4.49 4.67 
Carbonie acid, . : 20.96 3.04 3.42 
Potashfer a ere aeons <5 4.65 4.11 
Sod ass Sito aera a Es 1.35 1,22 
Water and organic 
IMAUUET ay eso 7.60 5.30 : 4.50 
99281 99'789 VOLO 
Total fluxing impuri- 
tiGe it ee 36.39 20,40 17.98 


These shales must be quite fusible owing to their high percentage of 
fluxing impurities. 

At the works of the Onondaga Vitrified Brick Company, the shale 
crops out in considerable thickness near the yard, and is of various shades 
of red, green and some grey; it disintegrates very rapidly and the whole 
bank is traversed by. numerous cracks so that a small blast brings down 
a large amount. 

The material is mixed with a surface clay in the proportions of one 
of clay to three of shale; it is ground in a dry-pan, and molded in an 
auger machine; the green bricks are dried in tunnels and burned in circular 
kilns; the product is of a light-red color. 

Marcellus shale. This formation presents numerous undesirable features, 
so that its occurrence is of little importance to clay workers. It is generally 
slaty, gritty, and contains not unfrequently much iron pyrite and bituminous 
matter. ‘The rock is well exposed in the bed of the river at Le Roy. 

As the Hamilton, Portage and Chemung are the most promising and 
most extensive of the shale formations occurring in this state, a series of | 
physical tests was made on samples from several localities, to determine their 
characters as related to each other and also as compared with other deposits. 

The samples were ground to pass through a thirty-mesh sieve.* The 
determinations made on these samples were: (1) Amount of water required 


* Of most of the shales ground up by disintegrations, about sixty per cent. of any sample will pass through a thirty-mesh 
sieve, and the balance through a one sixteenth or an one-eighth inch mesh. 
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to make a workable paste, (2) shrinkage in drying, (3) shrinkage in burning, 
(4) plasticity, (5) tensile strength of air-dried briquettes, (6) temperature of 
incipient fusion, (7) vitrification, (8) viscosity. 

The localities from which samples that were tested came, are Jamestown, 
Angola, Hornellsville, Alfred Centre and Cairo. 

Hamilton. The Hamilton is one of the great shale bearing formations 
of New York state. It is also widely distributed, extending from the Hud- 
son river to lake Erie, and at these two points shows wide extremes in its 
lithologic character. In the east it is a true sandstone, in the west a clay 
shale. “The valleys of Seneca and Cayuga lakes are both excavated, for 
more than half their length, in the shales of this group.” (Geology of the 
Fourth District of New York, p. 187.) 

The Hamilton shales extend from Port Jervis northeastward along the 
edge of the Chemung area in a belt about five miles wide, and then swing 
westward from a point a few miles west of Albany, to Buffalo. In the 
central part of the state the Hamilton belt is about twenty miles wide, and 
thins to about twelve miles in the western half. The Finger-lakes are 
largely bounded on the north by the Hamilton shale area. 

Along the banks of Seneca and Cayuga lakes the full section of the 
Hamilton group may be seen. The lower members are the most northern, 
and dip to the south under the higher ones. Professor Hall makes the 
following divisions: 

1. Dark, slaty fossiliferous shale, resting on the Marcellus shale. 

2. A compact, calcareous blue shale, of little thickness. 

3. An olive or blue shale, which in its upper layers is stained by 
oxide of manganese. This is one of the best adapted for clay products. 

4. Ludlowville shales, often sandy in their nature. 

5. A limestone. 7 

6. Moscow shales, of greyish blue color, and slightly calcareous in 
places. 

These subdivisions can all be seen along the eastern shore of Cayuga 
lake from Springport to Ludlowville. 

Cairo, Greene county. This is the only locality at which the Hamilton 
shale is mined. The material which is shipped to the works of the Catskill 
Shale Paving Brick Company at Catskill, is a reddish gritty clay possessing 
little plasticity. This material was at first used alone, but found difficult 
to work on account of its excessive leanness, and consequently is now mixed 
with fifty per cent. of common red clay also obtained from Cairo. Samples 
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of this mixture were tested with the following results. The moderately 
plastic paste shrank four per cent. in drying, and nine per cent. in burning. 
Air dried briquettes had an average tensile strength of ninety-seven pounds 
per square inch, and a maximum of one hundred pounds per square inch. 

Incipient fusion occurred at 1,900° F., vitrification at 2,050° and 
viscosity at 2,150° F. 

The mixture of clay and shale is ground in dry-pans and then passes to 
the pug mill on the floor above, whence, after tempering, it is discharged to 
the auger side-cut machine. The bricks are repressed, dried in tunnels, and 
burned in down-draught kilns. The company has recently erected a large 
continuous kiln; in this kiln, most of the firing is done in temporary fire- 
places built in the doorways of the kiln, no grate bars being used; it is 
claimed that practically no fuel is charged through the small openings in the 
roof of the kiln. 

Portage. (See Geology of the Fourth District of New York, p. 224). 
Another important shale occurs in this member of the Devonian formation. 
The group consists of a lower shaly member, the Cashaqua shale, a middle 
member of shales and sandstones, and an upper one of sandstones. 


The Cashaqua shale is exposed along Cashaqua creek where it is a soft 
green shale that weathers to a tough clay. It also occurs along Seneca lake 
and at Penn Yan, but east of this becomes very sandy. 

Good exposures are seen along Allen’s creek and Tonawanda creek, and 
the branches of Seneca and Cayuga creeks. On lake Erie at Eighteen-mile 
creek it is thirty-three feet thick, while along the Genesee river it is 150 feet 
thick. 

Concerning the Gardeau shales, Professor Hall states that they are 
exposed along the Genesee river where the section involves alternating layers 
of shales and sandstones. Toward the east the sandstones become more 
prominent, but to the west, the shales increase and predominate so that along 
lake Erie, “the Cashaqua shale is succeeded by a thick mass of black shale, 
and this again by alternations of green and black shales” which aggregate 
several hundred feet in thickness. 

Angola, Erie county. The Portage shale is used by J. Lythe & Sons at 
this locality for the manufacture of sewer pipe, fire-proofing, drain-tile, and 
terra-cotta. The clay is somewhat less gritty than that at Jamestown. It is 


a greyish, moderately coarse grained shale and contains scattered streaks of 
bituminous matter. 
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When ground to thirty mesh it required 21.4 per cent. of water to make 
a workable paste, which was moderately plastic. This paste shrunk four per 
cent. in drying and an additional ten per cent. in burning. The air-dried 
briquettes had an average tensile strength of ninety-two pounds per square 
inch, and a maximum of ninety-five pounds per square inch. Incipient fusion 
occurs at 1,900° F., vitrification at 2,050° F., and viscosity at 2,200° F. 


The analysis of the clay is as follows :* 
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In general composition it resembles a Carboniferous shale used for paving 
brick at Kansas City, Mo.t This shows the following analysis: 
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The principal output of these works is sewer pipe and fire-proofing. On 
account of its softness the shale is easily mined and transported in cars to 
the dry-pans, where it is first ground and then tempered in a wet-pan. The 
tempered material is then conveyed to the upper floors and discharged into 
the usual form of sewer pipe press. The glazing of the sewer pipe is done by 
means of salt. 

Chemung. The most southern shale formations of New York state are 
included under this head. As a whole, the group consists of interbedded 
shales and sandstones, the former prominent towards the west, the latter 
becoming predominant to the east. The shales vary in color, and are black, 


* Bulletin New York State Museum, III, No. 12, p. 228. 
+ Clay Worker, December, 1893. 
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olive or green. The shales sometimes pass into shaly sandstones, and these 
are often highly micaceous. ‘The members of the group recognized by Pro- 


fessor Hall, beginning at the top, are: 


Se 


Sandstone and conglomerate. 

Old red sandstone. 

Grey and olive shales and shaly sandstone. 
Green shale with grey sandstones. 

Black, slaty shale. 

Olive, shaly sandstone. 


r+ po go Rot 


. 


Portage sandstone. 


Of these members 2, 3 and 4 are the most important to clay workers, and 
the beds of shale exposed are often twenty or thirty feet in thickness and free 
from sandstone. 

“On the Genesee river the shale is often in thick beds of a bright green 
color and scarcely interrupted by sandy layers.” 

“Westward from the Genesee river there appears to be a constant aug- 
mentation in the quantity of the green shale, which is often the predominating 
rock, though from weathering to an olive color it does not always appear as 
distinctly.” 

“Tn the ravines in Chautauqua county, extending toward lake Erie, the 
shale still retains its green color.” 3 

Jamestown, Chautauqua county. This sample of shale came from the 
bank of the Jamestown Shale Paving Brick Company. . 

This was a rather gritty shale, which required 18.5 per cent. of water to 
make a workable paste; plasticity, lean. The paste shrunk 4.5 per cent. in 
drying, and an additional 7.5 per cent. in burning, making a total shrinkage 
of twelve per cent. Air-dried briquettes made of this mud had an average 
tensile strength of sixteen pounds per square inch, and a maximum of twenty 
pounds per square inch. This low tensile strength was due to the siliceous 
character of the shale which, however, permitted rapid drying. 

Incipient fusion occurred at 1,950° F., vitrification at 2,050° F., and 
viscosity at 2,200° F. The clay burns to a deep red and dense body. 

Alfred Centre, Alleghany county. Chemung shale is used at this locality 
for the manufacture of roofing-tile. The shale is somewhat argillaceous, and 
moderately fine grained. 

It requires twenty-two per cent. of water to make ‘a workable paste 
which is slightly plastic. The shrinkage of this paste in drying is four per 
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cent. and in burning, nine per cent. The tensile strength of air-dried 
briquettes was, on the average, sixty-one pounds per square inch, -with a 
maximum of sixty-two pounds per square inch. 
Incipient fusion occurs at 1,900° F., vitrification at 2,050° F. and 
viscosity at 2,150° F. 
The composition of the shale according to an analysis furnished by the 
Celadon Terra Cotta Company, of Alfred Centre, is: 
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This shale corresponds very closely in composition to that used at 
Kansas city, Mo.,* for the manufacture of paving brick, but there is a 
considerable difference in the fusibility, the Missouri shale being very fine 
and consequently more fusible. 

When this factory was first started, both terra-cotta and roofing-tile were 
produced, but now the Celadon Terra-Cotta Company confines itself entirely 
to the manufacture of vitrified roofing-tile, which is of a superior quality, and 
bears an excellent and wide-spread reputation. At first a mixture of clay 
and shale were used, but now the latter material alone is found sufficient ; 
the shale after grinding and careful tempering is molded either by hand or 
steam-power machines, and then set aside to dry slowly. The tile is no 
longer burned in saggars as was formerly done, but is placed in pockets in 
the kiln. The shale burns to a tough, cherry-red body. 

Hlornellsville, Stewben county. The shale at this locality frequently 
contains interbedded layers of sandstone, which are separated in mining 
without much trouble. The shale is rather gritty, and on the addition of 
twenty per cent. of water gave a lean, workable paste, which shrunk 2.7 


* Missouri Geological Survey, XI, p. 565. 
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per cent. in drying and 5.3 per cent. in burning. The tensile strength of 
the air-dried mud per square inch was on the average thirty-four pounds, 
with a maximum of thirty-nine pounds. 

Incipient fusion occurs at 1,900° F., vitrification at 2,050° F., viscosity 
at 2,200° F. 

The shale burns to a dark red. It is used in the manufacture of paving 
brick. 

The composition of the clay, from an analysis furnished by the Hornells- 
ville Brick Company, is as follows : 
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The method of manufacture followed at these works consists of the usual 
dry-pan for grinding the shale and wet-pan for tempering it. The molding is 
done by stiff-mud, side-cut machine, and the green brick are repressed. The 
burning is in down-draught kilns. 

From the tests cited above it will be seen that the shales used compare 
very favorably with the requirements of a paving-brick material. Most of 
them are slightly more siliceous than the average run of paving-brick clays, 
but this is no serious objection. 

The lean character of many can be overcome by the addition of plastie 
clay, as in the case of the Cairo shale, in which instance the mixture, as 
already stated, had a tensile strength of one hundred pounds per square inch. 

The amount of fluxes present permits of their vitrifying at comparatively 
low temperatures. But if necessary their refractoriness could ‘be easily 
increased by the addition of a certain amount of fire-clay. 

Most of the shale deposits are easily accessible and located in close prox- 
imity to railroads. 
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The Discovery of a Sessile Conularia.* 


By R. RurpEMann. 


In collecting, in a layer of the lower Utica shale, problematic filiform 
fossils to which Professor J. M. Clarke had directed the writer’s attention, a 
Conularia was found to which are attached several smaller cuneiform fossils 
by organs which at first sight appear like rings. A thorough search in the 
locality has furnished four more specimens of Conularia which bear such 
appendages; also a few impressions of shells of Zrochonema to which were 
attached, in one case, a single individual of the supposed Conularia (Pl. I, 
fig. 1), and in another case many, but mostly poorly preserved, remains of 
Conularia ; also the ever present Diplograptus foliaceus, Murch. sp., and the 
above-mentioned problematicum, which will be described later. 

That the Conularie, their cuneiform appendages and the similar larger 
bodies attached to shells of Zrochonema belong together, is a supposition for 
which this note is intended to submit the arguments. 

The Conulariw to which the supposed young are attached (Pl. I, 
fig. 1, in which the interior cast of the shell is partly seen), as well as those 
found without the young in the same layer, compare best with Conuwlaria 
gracilis, Hall.¢ This form was described from the shaly upper part of the 
Trenton limestone near Middleville, N. Y., while the specimens of the writer’s 
collection were found in the lowest Utica shale. 

One specimen (PI. II, fig. 5) has been figured on account of its remark- 
ably well preserved ornamentation and the structure of the angular grooves. 
It expands more rapidly than the others, the average angle of which is only 
12°. A specimen with a length of 14.3 cm. has an angle of 11°. The 
specimen illustrated rests on one edge. This, however, is not the common 
mode of compression in this species, for the great majority of specimens 
apparently show only two angular grooves and one face of the pyramid, 
because the whole shell has been compressed into the face on which it 
originally rested. According to Holm { this mode of compression is found 


with Conulariw of quadratic section, while those of rhombic or rhomboidal 


* Two instalments of this paper, with three of the accompanying plates, have already been published in the American 
Geologist ; Article I, in Vol. XVII, March 1896, pp. 158-165, and Article II, in Vol. XVIII, August, 1896. pp. 65-71. The observa- 
tions heretofore unpublished begin with page 711 of the present article, and are illustrated by an additional plate. 

+ Pal. of New York, Vol I, p. 224, Plate LIX, figure 5, 1847. 

t Sveriges Kambrisk-Siluriska Hyolithide och Conulariide ; Sveriges Geol. Undersdkning, Ser. C, No. 112. 
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section are compressed in the direction of the obtuse angles. The shell of 
C. gracilis Hall, which I have seen only strongly compressed, therefore 
probably had equal faces and a quadratic section. 

The complete flattening of the specimens without breaking, as well as 
the common bending of the proximal parts of the shell (PI. I, fig. 4), are 
indications of a slight flexibility of the shell. Hall’s type also was “ slightly 
bent or arcuate.” This remarkable character of C. gracilis is causally 
connected with the extreme thinness of the walls already observed by Hall. 
As the observation of small wall fragments (Pl. I, fig. 6) and the 
abundance of smooth casts of Conularie indicate, the wall was very easily 
destructible. This may also account for the frequent absence of wall remains 
in the young Conulariw while the edges are preserved. Plate I, figure 4, 
and Plate II, figure 5, well illustrate this breaking out or dissolving of the 
walls between the edges in even larger individuals. 

The sculpture consists of “sharp, undulating, transverse striz and 
scarcely conspicuous longitudinal ones.” (Pl. I, figs. 5 and 6.) The finer 
longitudinal ribs alone, however, are continuous and the wavy cross-ribs con- 
nect with them. Although the latter sometimes unite to form continuous and 
very prominent cross bands, their whole appearance is such as to suggest that 
they are wrinkles of shrinkage. The undulating transverse and the finer 
straight longitudinal ribs are so characteristic a feature that they can safely be 
used to distinguish this form from Conularia Trentonensis, Hall, C. Hudsoni, 
Emmons, and (C. guadrata, Walcott, which have straight and continuous 
transverse ribs. The undulating transverse ribs are of special importance in 
the study of the young Conularie, as they are easily recognized by their 
characteristic form whenever the surface film is sufficiently preserved, 
however delicate it sometimes may be. 

The cast of the interior often shows, in different parts of the same 
specimen, either the filling of the transverse ribs as similar ridges, or pustules 
(cf. Pl. I, fig. 1) and deep furrows in place of the longitudinal ribs, or only 
the latter, or in-many places the cast is perfectly smooth. The last fact is 
accounted for by specimens similar to that represented in Plate I, figure 4. 
This interesting young Conularia, which at the distal end shows the straight , 
sulcate edges of a Conularia, has in the middle part preserved the wall which 


consists of two layers—an exterior deep black, apparently carbonaceous one, 
which shows the characteristic ribs of C. graci/is, and a much stronger inner 
layer which has a more greyish, mineral appearance and is probably richer in 


calcium phosphate. This second layer in the middle part between the two 
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upper grooves, where it is apparently least crushed, is almost smooth, with 
only an obscure indication of transverse lines of fracture. On the sides it is 
broken into transverse ring segments. Although it is thicker than the outer 
layer, it is more frequently lost, leaving, however, a smooth cast. 

The segmental line appears as a shallow groove, scarcely conspicuous in 
most specimens. It therefore is of no help in identifying the young Conularie, 
Of greater importance in this regard is the structure of the grooves at the 
edges of the pyramid, as this is generally the best preserved part of the fossil. 
In the specimens, for instance, represented in Plate I, figure 4, and Plate 
II, figure 5, the side walls of the grooves alone are preserved in the distal 
part, the connecting wall being either dissolved, as indicated by the smooth 
surface between the edges in Plate I, figure 4, or broken away as in Plate 
I, figure 5. The walls of the grooves are much thickened, this strengthening 
extending also to the adjoining parts of the faces, so that the grooves are lined 
by two thick ridges. The connection between fragile thin faces and stout 
edges seems to be found in other species also. Conularia Linnarssoni, Holm,* 
is described as haying the grooves stronger, than the segmental line and 
being fragile toward the aperture. 

As the original of Plate I, figure 5, shows at the upper groove, and as 
has been observed in other species, the surface film extended—here with its 
wavy transverse wrinkles—over the groove, covering and closing it (PI. I, 
fig. 2, a). Where the outer layer is lost, but the underlying parts are fully 
preserved, there appears next below a thin smooth layer (7) with indications 
of transverse lines of fracture; this layer in its turn covers a milky white 
laminated substance (phosphate of ime). The latter (¢) fills the groove and 
contrasts strongly with the black shining walls (7). Often, however, this 
substance is lost, leaving the groove empty or giving place to a filling by iron 
oxides, The side walls of the empty groove show mostly very marked 
transyerse fractures with upturned margins. The groove seen from the 
inside (Pl. II, Fig. 3) has a roof-like form with strongly slanting sides, which 
are either smooth or exhibit the same transverse joints as seen from the 
outside. Sometimes oblique pressure caused these joimts to be pushed over 
each other. Where the top is broken off the white phosphate of lime 
appears again. 

From these observations it may be stated that the edges of the pyramid 
of Conularia gracilis, Hall, formed a kind of supporting framework for the 
faces; that the grooves, therefore, had strong walls which were continuous 


* Op. cit., p. 130, Plate IV, figures 38-40 
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with the second mineral layer; that the grooves were filled with phosphate of 
lime and covered by the sculptured outer layer with an underlying thin film 
similar in appearance to the second layer. The groove, therefore, appears to 
be altogether an expansion of the second layer of the wall. A diagrammatic 
section of the groove at the angle of C. gracilis is given in Plate II, figure 4. 

The reasons which the writer has for regarding the cuneiform appen- 
dages of C. gracilis, and the bodies attached to Trochonema, ete., as remains 
of young individuals of C! gracilis are as follows: 

1. Wherever an appendage is preserved completely it shows four 
divergent grooves, such as would form the edges of a pyramid, with about 
the same angle as the older shells of C. gracilis (Pl. I, figs. 2, 3, Pl. UL, 
fig. 1). Some apparently show only three grooves, but investigation will 
generally bring out the fact that the fourth is divergent from the plane of the 
others and hidden in the matrix. Generally, however, the whole fossil 
appears only as a cuneiform film between two thick edges, which are formed 
by two coinciding grooves, while the two originally vertical faces have been 
folded inward between the horizontal ones or partly bulge out from between 
them (Pl. I, fig. 1, a). Some appendages show even but one groove; 
the proximal parts of the other grooves, however, are also ordinarily traceable 
into the matrix (Pl. I, fig. 2). It is to be concluded from this that the 
complete appendages contained grooves which originally did not le in one 
plane. 

2. The four grooves show exactly the same structure and composition 
as those of C! gracilis, i. e., the V-shaped section, the filling with milk white 
phosphate of lime, the extension of the carbonaceous sculptured surface film 
over them, and especially the very characteristic and easily discerned trans- 
verse ridges of the side walls of the groove. (Cf. Pl. I, figs. 1, 4, 2, 5; 
Pl. I, figs. 1, 7.) 

3. The space between the grooves of the appendages is generally 
perfectly smooth, thus indicating that between them was a connecting wall 
which is now lost. However, in many places the tender carbonaceous surface 
film is still preserved. Where this is the case the longitudinal ribs, as well 
as the characteristic undulating transverse wrinkles, are clearly discernible, as, 
indicated in Plate I, figures 1, 2, and Plate I, figures 1, 7, at s. 

4. The carbonaceous cup-shaped bases, by which the supposed young 
Conularwe are attached to the older individuals, are exactly similar to those 
of some larger fossils which can be safely referred to C. gracilis, and 
especially similar to the basal cups of the two important specimens repro- 
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duced in Plate I, figure 4, and Plate Ll, figure 1. The latter, which on 
account of its general form, the structure of the four grooves and the 
sculpture of the surface film, must be regarded as identical with, or very 
closely related to C. gracilis, has a beautifully preserved cup of the same size 
and structure as those attached to the original of Plate I, figure 2. 

5. Finally, it may be adduced as an additional argument for the 
similarity of the observed appendages and the shell of a Conwlaria, that in 
some of the former (Cf. Pl. I, fig. 1, ¢) a triangular subcarbonaceous plate 
is preserved which is strongly suggestive of the flattened apertural process 
of the uppermost face. 

It is permissible to meet some of the objections which are easily sug- 
gested in comparing the appendages with Conularia. There is first the 
strangely curved form of many of the smaller and medium sized individuals. 
As already stated, Hall’s type, of about two inches in length, is “ slightly 
arcuate.” The axes of the older specimens, however, which the writer pos- 
sesses, as also the axis of the specimen figured in Plate II, figure 5, are 
always perfectly straight. An examination of the shells of the young Conw- 
laria establishes the fact that the better they are preserved the straighter 
they are. (Cf. Pl. I, figs. 1, 2.) Even some of the very smallest Conuw- 
laurie ave straight. This, as well as an examination of such specimens (PI. i, 
fig. 4), in which the youngest part only is bent and the older is perfectly 
straight, leads to the conclusion that the young shells also of C! gracilis were 
straight, but probably more flexible than the more distal parts and perhaps 
less able to resist the dissolving influence of the sea water. A group of fos- 
sils (Pl. II, fig. 7) which are attached to the poorly preserved cast of a 
Trochonema shell, on account of the strong distortions of the wedge-shaped 
appendages presents appearances differmg most widely from those of Conu- 
laria. In this case the appendages are identical with the leaves of Hall’s 
Sphenothallus angustifolius.* The extensive destruction of the faces of the 
pyramids in both specimens, as well as the very poor preservation of the gas- 
tropod, is proof enough of the destructive influences to which they were 
subjected and which may also have distorted the slender’ pyramids before 
they were covered by sediment. On the other hand, both contain a sufficient 
number of nearly straight shells (cf. especially Hall’s figure) to warrant the 
statement that the pyramids were originally straight. The writer’s specimen 


* Palaeontology of New York, Vol. I, p. 261, Plate LX VIII, figure 1, 1847. Hall’s type, whichProfessor J. M. Clarke had the 
kindness to lend the writer and which is figured on Plate TV, not only shows young individuals attached to older “leaves,” but 
also ring-like impressions of the basal cups and the transverse ridges of the grooves. The faces have left smooth impressions 


only 
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exhibits besides, in several places, well preserved transverse undulating cross- 
ribs which are very similar to those of Q. gracilis, 

Another objection, which naturally arises in studying these forms, is this; 
assuming that other Conularie@ were sessile also, why have ‘not any such 
bases been found among the thousands of specimens of the species already 
described? Barrande had more than a thousand specimens of certain 
species without noticing such basal cups in the young, which are generally 
stouter and better preserved than any other part of the fossil. 

In almost all deseribed shells of Conulari@ the apex is broken off, either 
irregularly or along a septum. The irregularly broken shells, which compose 
by far the great majority, have undoubtedly lost their proximal parts and are 
therefore not complete and may be considered out of the discussion, Those 
closed by a septum are most probably not complete either,.for as Dr. A. 
Ulrich* has pointed out, the empty chamber between the imperforate septa 
must have been more liable to destruction than the other sediment-filled part. 
It may, therefore, have been lost in most cases, and only that part of the shell 
beginning at the youngest septum may have been left to us. It remains in the 
extremely small number of fully preserved shells. Wiman,+ on the basis of 
Holm’s paper, estimates their number at less than 5.55 per cent. of all known 
Conulariw. These few forms again, although tapering down to a very small 
diameter (the writer does not know of a real “ point” having been observed), 
do not exclude the possibility of having been expanded again into a base. It 
is true that it does not seem very natural to have a large pyramid supported 
by such a thin stem, but this was, in fact, the case with rather large shells of 
C. gracilis (Pl. HW, figs. 1, 7). Suppose all Conularie were attached thus, 
then it would have been just as strange if the pyramids, in becoming covered, 
had not been broken right over the bases, as it is that not more of the shells, 
if they were free, should have preserved the apex. It also bears on this ques- 
tion that several cups, among them one with a diameter of 5 mm., have been 
found which bear only a very small fragment of the pyramid (PI. IIT, fig. 2), 
and that the specimen represented im Plate I, figure 1, bears a great number 
of bases from which the young Conu/arie are broken off. The preservation 
of the apex not only forbids any positive conclusion as to the mode of life of , 
the Conulariw, but the supposition of their free existence seems to be question- 
able and will, therefore, be discussed hereafter. 

As none of the large specimens of C. gracilis have been found attached, 


the question as to mode of life can not be directly answered. It can, however, 


* Paleozoische Versteinerungen aus Bolivien, p. 35, 1892 
t Paleontologische Notizen 1 und 2, Bull. Geol. Inst. Uniy. Upsala, Vol. IT, No. 3, p. 7, 1894. 
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be remarked that the largest specimen in the writer's collection (length 14.38 
cm.) is preserved to a breadth of 4 mm. and ends in a deep impression which 
could be caused by a cup not larger than the largest well preserved one which 
has been found. Further, it will be noticed that some of the attached shells 
(Pl. IV, fig. 40; Pl. I, figs. 1, 7) have already reached a size which renders 
it improbable that the enclosed animals should still have changed their 
mode of life. 

After having presented the general features of the occurrence of a sessile 
Conularia, the writer intends now to describe the most novel part of the 
fossil, 7. e, the basal appendage. 

Though an attempt to isolate and decolor some of the appendages failed, 
partly on account of an obscure cleavage in the rock and partly on account of 
the consistency of the residuum after the treatment with acetic and hydro- 
fluoric acids, the author succeeded at least in developing, by the application 
of the same agents, several of the stout chitinous appendages on the slabs 
(ct. Pl. ILL, figs. 5 and 16). The defects in the preparation of the material are 
atoned for by the well-preserved state of the material itself, for several of the 
bases are preserved in neat natural sections (cf. Pl. III, figs. 2 and 3), a com- 
parative study of which, as well as of the varying aspects of the other bases. 
allows a fair insight into the structure of this interesting organ. In order 
to enable the reader to form for himself a picture by a comparison of 
the different states of preservation, the writer has given as many sketches as 
possible, 

As already stated in the first article, most bases appear at first sight as 
stout subcircular to suboval chitinous rings* (cf. Pl. HI, fig. 1, which is the 
base of the specimen reproduced on Pl. I, fig. 1). The original form was 
probably circular, as the elongated forms (cf. Pl. II, fig. 20) are generally 
found near the edge of the supporting fossil (cf. Pl I, figs. 1 and 2), 
where they were more liable to become laterally compressed than those on the 


inner part of the fossil. 


* These rings were observed by A. G. Nathorst as early as 1882 (cf. A. G. Nathorst, ‘Om férekomsten af Sphenothallus 
cfr. angustifolius, Hall, i silurisk skiffer i Vestergitland” in Geologiska Féreningens i Stockholm Férhandlingar, Vol. VI, p 315, 
Pl. 15). The same author has published in the April (1896) number of the same journal (Vol. XVIII, No. 4), under the caption, 
* Sphenothallus en Conularia,’ areview of the study of this interesting fussil in Sweden, from which it appears that he, in 
describing, in the first cited papev, a specimen of Sphenothallus, Hall, from the Silurian shale in the neighborhood of Vamb in 
Westgothland, accepted Hal!’s interpretation of the fossi} as an alga. Some years later, however, another specimen’ was sent to 
him by Dr. N. O. Holst, the state of preservation of which was such as to convince Nathorst at once of the impossibility of 
referring the fossil to the vegetable kingdom. He pointed out this fact to Holst, who afterwards sent the same specimen to J. 
Chr. Moberg for identification. The latter reached the same conclusion, as appears from an extract of a letter of his to 
Nathorst: “It seeme to remind me somewhat of a Conularia, and above allit surely was not an alya.”’ Nathorst himself now 
accepts the identification of Sphenothallus with Conularia. Hall's type is not so well preserved as to have been able to suggest 
a comparison with Conularia. 
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The dimensions of those rings which are found still attached to a Conu- 
laria ave: Diameter from 1 to 2 mm. (original of fig. 1, Pl. II, measures 
1.3x.7 mm.; original of fig. 19, Pl. III, 1.75x2 mm.), though a few larger 
separate ones have been found (one measuring 4 mm.) ; height .8 mm. (taken 
from the originals of figs. 1, 2 and 3, Pl. III). 

Externally the ring is perfectly smooth and shining (fig. 1), expanded 
more or less abruptly towards the base (cf. Pl. II, figs. 2, 8, 18, 18). Under- 
neath it possesses a system of regular radial folds (cf. Pl. IL, figs. 7, 8, 9, 13, 
18). The true nature of the rings is revealed by a few vertical sections which 
were found on some slabs (cf. figs. 2 and 3). Figure 2, Plate III, is a repro- 
duction of the whole fossil, which is interesting because it demonstrates not 
only the occurrence of basal appendages detached from the extraneous object, 
but also the common separation of the pyramid of Conularia gracilis from the 
appendage a little above the latter. As both sections are not quite median, 
part of the ring is seen from the inside. In both, the ring becomes attenu- 
ated toward the top (in fig. 2 abruptly), thus forming a skin which fastened 
the basal appendage to the pyramid. This skin formed a dome above the ring, 
as may be inferred from the laterally compressed specimen reproduced in fig. 
9, at a; 6 is the basal ring, which on account of its bulging out a little more, 
adheres to the counter part of the fossil. The general form of the appendage 
may be compared to a bell, which term will be applied in this paper to the 
exterior chitinous wall of the organ under consideration, as the word does not 
imply any expression regarding the possible functions of the whole. 

Figure 10, Plate III, reproduces a specimen (taken from the original to 
Pl. I, fig. 2), which gives a view of the inside of the dome of the bell and 
exhibits irregular radial wrinkles of the skin, caused probably by shrinkage 
prior to fossilization. In figure 12 a base is seen from above. Here the 
greater part of the ring is preserved, while the upper portion of the bell left 
only its impression. 

As appears from figure 8, Plate II, which reproduces the view allowed 
by one of the appendages into the bell from beneath, the latter, or at least its 
thicker basal part, consisted of: concentric layers. | 

The absence of any carbonaceous film at the base of the bell (ef. figs. 7, 8,' 
13, Pl. IIL) would lead to the conclusion that the bell was open there: but 
the smooth surface of the rock inside of the deeper impression of the ring 
(cf. fig. 97) in several specimens indicates the former existence of a basal 
closing film. A very clear view of the latter is furnished by the basal 
appendage (cf. fig. 15) of the Conularia reproduced in figure 14, which 
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apparently was attached to a little fragment of a Stictoporella. It appeared at 
first like figure 15; the dissolving of the enclosed rock, however, brought out 
the entire base of the organ, namely, the broad, deeply-impressed exterior ring 
(a), the impression of the somewhat wrinkled film (4) stretching towards the 
center of the base and connecting with an internal part (¢) that appears as a 
narrower, radially furrowed impression of a ring. The latter can be seen very 
distinctly at the bottom of the basal appendage reproduced by figure 1. In 
the remarkable specimen belonging to figure 6, all chitinous parts have been 
removed by weathering except two stout rings, which strongly contrast with 
the buff-colored weathered shale, and which are evidently the bases of the 
bell and of an internal part of the appendage. The original of figure 5 
(taken from the group PI. H, fig. 7) exhibits also a stout, though now, 
through the action of the acids, somewhat corroded ring. Another 
reproduction (fig. 7, Pl. IIL) of the underside of a basal appendage shows the 
latter removed from the center, apparently by the overturning of the young 
Conularia to which it was firmly attached. It is partly preserved in the 
original of figure 9, Plate III, and it can be distinctly seen in the basal 
appendage reproduced in figure 13, Plate HI (taken from the group PI. I, 
fig. 5), where it stands out in relief, while its system of basal radial furrows 
can be seen in figure 18 at 4, 

The real form of this internal body is revealed by a fine vertical section 
through the basal appendage (fig. 3) of a detached Conularia (fig. 4, Pl. III). 
This section shows again a crescent-shaped cleft of a stout chitinous body, 
proceeding from the converging marginal grooves of the pyramid of Conularia. 
The horns of the crescent can be traced to the chitinous mass of the basal 
ring of the bell, the inside of which is visible in the section. The original 
of figure 5 assists in making evident that this crescent is the section of 
a chitinous cup-shaped body, which is fastened to the apex of the pyramid, 
while its base is continuous with the basal skin, extending to the exterior 
bell. The cup itself was not closed basally, as can be inferred from the 
little node in the center of the impressions of the basal appendages (cf. fig. 
9d). 

It remains to consider the connection of the pyramid of Conularia with 
the basal organ. As the sections figures 2 and 3 indicate, the angular 
grooves of the pyramid curved in at the basal end. The subquadrangular 
piece broken out of the dome of the bell in figure 10 suggests that the shell 
of Conularia yet retained its quadrangular section when entering the bell. 
The counterpart of this fossil (fig. 11) has preserved the broken-out chitinous 
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piece and exhibits on the latter a cross of four ridges, consisting of pyrite. A 
similar aspect is presented by the node in the middle of the basal appendage 
of figure 17, Plate I, which is an enlargement of the base of the specimen 
reproduced on Plate I, figure 4, and which shows two arms and the intersec- 
tions of the two others on top of the central node. The pyrite in both specimens 
points to the former existence of canals, or at least to an original difference 
between the material which has been replaced by pyrite and the enclosing 
chitine. There can hardly be any doubt that the cross of pyrite represents 
the basal junction of the marginal grooves of the pyramid, and that the little 
node in the center of the base (cf. figs, 11 and 17, Pl. III) is the real apex of 
the pyramid. The direct continuance of at least two grooves is exhibited 
by quite a number of remains, e. y., by those reproduced in figures 18 and 19, 
while the original to figure 20 gives a neat section through the four grooves 
at the entrance of the pyramid into the bell. It is evident from the latter 
fossil that these grooves, as already demonstrated, were originally covered by 
a carbonaceous film and filled with phosphate of lime. The supposition is, 
therefore, not out of the way, that they may have been free from this filling 
towards their proximal ends and could therefore have been filled by pyrite 
during the process of fossilization. 

The morphology of the whole appendage will be best understood from a 
diagrammatic section, as given in figure 21, Plate III. The apex of the pyra- 
mid (7) is enclosed in a stout central cup (6) which, in turn, is connected by 
a thin film (¢) with the broad basal extension of the exterior bell (a). The 
latter again is fastened to the pyramid a little above the cup. 

There can be no doubt that the basal appendage was an organ of 
attachment. It is further evident that the latter did not amount to a 
coalescence, but was of a temporary character only; for the not uncommon 
occurrence of detached specimens with well-preserved basal appendages (cf. 
figs. 2 and 4) is not consistent with the assumption of a coalescence. The 
apparatus, therefore, can not be compared to the basal disks, such as certain 
bryozoans have. On the other hand, it is indicated by the impressions left 
by the appendages* that their inner parts were flexible or even retractible 
while the stout exterior bell, with its broad, radially striated base, apparently 
served to give stability to the mechanism and to close the interior tightly 
from the exterior. 

An attempt to compare the basal appendages to suckers, such as various 
gastropods use for purposes of attachment, would lead to the further 


* Cf. figs. 9and 16, which show the ring- like impression (e) of the bell to be considerably deeper than that of the wrinkled 
basal film (d@). 
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assumption that their interior was filled with muscular tissue, and con- 
sequently connected with the circulatory system of the living animal. The 
writer was unable to study this question on account of the negative results 
which followed his attempts.to isolate the appendages; neither did he 
succeed in tracing the confluent canals, indicated by the cross of pyrite at the 
apex of the shell, which may have effected a connection with the interior of 
the pyramid and thereby have become instrumental in producing a vacuum 
by the withdrawal of a fluid, similar to that found in the pedicels of the 
echinoids. The writer, however, is inclined to suppose that there existed no 
connection whatever between the interiors of the pyramid and of the 
appendage, but that attachment was effected by the elasticity of the latter 
alone, especially by that of the central cup. The organ might then be 
compared to the chitinous suckers with which the males of certain water- 
beetles (¢. g., Hunectes) are provided, and which possess no muscular tissue 
whatever but adhere to foreign bodies by external pressure and by sub- 
sequently resuming the original shape through their own elasticity, thus 
producing a vacuum much like the India rubber plates which are used to 
fasten objects to the glass panes of show windows. ‘The shape of the central 
cup as well as the fact that the appendage consists of a substance which 
certainly was elastic, could be adduced in favor of this supposition, while 
there seems to be no serious obstacle in the way of assuming that the animal, 
which no doubt had a certain power of free moving, had the further 
power of pressing the apex of the shell and with it the securely fastened cup 
to the body it wished to adhere to. 

The diagrammatic section, figure 21, Plate IL, is intended to illustrate the 
working of the apparatus, the dotted part representing the latter in the 
state of compression preparatory to attachment, and the striated part shows 
the same in the state of attachment by suction. 

It should be remembered that however erroneous the attempt to explain 
the special operation of this organ may be, this does not affect the fact that 
the attachment was evidently only a temporary one and that the impressions 
left by the appendages show both the connecting film and the central cup 
bulging inward. These observations can, in the opinion of the writer, be 
only accounted for by the assumption that the basal appendage was an organ 
of attachment by suction. 

The publication of the concluding part of this article on Conularia 
gracilis, Hall, has been much delayed because of a fortunate discovery 
during the past summer (1896) of a locality on the bank of the East 
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Canada creek, which yields specimens of this Conularia uot larger than .5 
mm. in length, and which, therefore, enables the author to furnish some 
further details relating to the development of the shell of this interesting 
animal (cf. P]. TV). The minute, oval, carbonaceous bodies cover some of 
the layers in astonishing multitudes. 

While the great majority of the tiny fossils are found promiscuously 
scattered over the slabs, some of the latter, otherwise poor in such detached 
specimens, bear linear carbonaceous films, with outlines so straight and well 
defined as to make it improbable that the film should be the result of an 
accidental drifting together of shells. One of these bodies has been reproduced 
in figure 1, Plate IV, on account of the distinctness with which it shows its 
composition of young shells of Conularia. There are others of. more regular 
outline, the most complete of which attains a length of 31 mm. and tapers 
regularly from a width of 5 mm, at one end to 4 mm. at the other. This film 
consists of minute shells of Conularia, which become especially distinct at 
both of its ends, where it is more or less lacerated. ‘The shells observable 
in these films range in length from .5 mm. to 2 mm. <A few specimens 
(cf. fig. 2) have been collected, which indicate that the shells were sometimes 
regularly arranged and attached to some central body, which, in the original 
of this figure, is not preserved. Whether these probably originally cylin- 
drical aggregates of spawn of Conularia are brought about by the crowded 
fixation of young individuals around extraneous bodies, as ¢ g., fragments of 
seaweed, which are not preserved, or whether it is a case of brood-protection, 
has not been ascertained with the material thus far collected. 

There can, however, be no doubt that the animals, in the infantile 
condition which comes under observation here, were already seeking attach- 
ment to other bodies, in spite of their usual irregularly scattered 
occurrence on the slabs, which might suggest a swimming habit. This 
is clearly shown in very youthful stages found attached to little cones 
(probably belonging to a Monticulipora), which project from the slabs 
(cf. fig. 3), and above all by the possession of the organ of fixation, namely, 
the basal appendage. 

There have been no shells found which did not reach a length of .5 mm., 
while fossils between .6 mm. and 1 mm. are quite common. This smallest 
stage obtainable (cf. figs. 4 to 7, Pl. IV), is characterized by the presence, and 
relatively large size of the basal cup, which attains half the size of the entire 
shell; by the apparent greater breadth and by the curved outline of the 


living chamber, which often approaches a circular shape. 
oO ’ 
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The distal margin of the shells is composed of small denticles which 
develop into the apertural processes of the adult stage. In all the broader 
specimens there terminate, between these denticles, longitudinal lines, which 
are of darker color than the other film and which divide the latter in sections 
of equal size (cf. figs. 5, 7, 10, Pl. IV). They are, as shown by their position, 
the first indications of the marginal grooves observable in this early stage. 
The appearance of several of these denticles and grooves en the broader speci- 
mens indicates that the apparent great breadth of the youngest stage is 
largely due to a complete flattening. This explains also why a few specimens 
have been found the marginal angle of which is not much larger than 
that of adult forms (cf. figs. 8 and 9). 

Such abruptly broadened shells as that reproduced in figure 6 are a 
common occurrence. It is obvious that in this case the shell burst at this 
point and became subsequently more distally unfolded. 

Even larger shells, though by far not so common as those of the smallest 
stage, were subjected to bursting and spreading in one plane. Figures 17, 18, 
25, 28 and 31, Plate IV, are taken from such specimens. The crushing 
sometimes led even to a separation of the faces, as in the original of figure 
11. The infrequent observation of adult specimens of Conularia which are 
complete, in comparison to the profuse occurrence of fragments of faces, 
may be largely due to such separation of the faces before becoming covered 
by sediment. 

A remarkable feature of many of these minute shells is the darker 
appearance of the basal appendage when compared with the living chamber. 
Shells where this difference is especially noticeable are reproduced in figures 
5 and 7. This difference can, no doubt, be accounted for by the different 
thicknesses of the chitinous walls, and this is also indicated by the less com- 
pressed condition of the basal appendages in more advanced stages (cf. Pl. 
IV, figs. 12, 18, 14, 18, 22, and especially Pl. I, figs. 2 and 5; Pl. II, fig. 1). 

Increasing in length, the shell generally becomes more slender in shape 
(cf. Pl. LV, figs. 13 to 32), though specimens with oval outlines are by no 
means rare (cf. figs. 17,21, 29). In looking over the slabs with the naked eye, 
it will even seem as if all the tiny fossils consisted of carbonaceous oval bodies 
with a dise or ring at one end. The glass, however, will in the majority of 
the specimens reveal straight margins (cf. fig. 26) and a truncated (cf. fig. 
21) or acute (cf. fig. 80) distal end. 

The relatively large size of the basal appendage in the smallest forms has 


already been mentioned. Though in these smallest specimens the details of 
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the basal cup could be discerned only in exceptional cases (cf. fig. 12), it at 
once becomes apparent in somewhat larger specimens that the appendage 
differed only in size from the organ previously described. Figures 11 to 34 
illustrate sufficiently the various aspects, and. also the somewhat differing size 
which the appendages show according to their state of preservation and the 
direction and amount of their compression. The specimens which exhibit the 
underside of the base (cf. Pl. IV, figs. 12, 18, 21, 22) show plainly its radiated 
surface. . Others give lateral views of the appendage (cf. figs. 4, 9, 10, 11, 18, 
19, 23, 24, 26, 27, 28). Of these the original of figure 10 is especially inter- 
esting. This has apparently preserved the protruding interior cup; that of 
figure 18 plainly shows the ring-like thickening of the basal part of the exte- 
rior cup. Some specimens even present sections of the base (cf. figs. 8, 16, 
17, 32, 33), while the majority of the appendages, which appear as. solid, 
smooth discs (cf. figs. 5, 7, 29, 80) evidently expose the upper side to view. 

While most specimens terminate in triangular outlines, undoubtedly 
formed by the apertural processes in- an expanded state, numerous shells 
present at first sight a somewhat puzzling aspect by the appearance of a well 
defined, often darker, and somewhat projecting square plate or of a corre 
sponding impression, at the distal end (cf. Pl. TV, figs. 13, 19 to 22, 32). As in 
several specimens the composition of this plate of four triangular pieces could 
be observed (cf. figs. 19, 21, 22), it may be safely inferred that, by an 
obliquely lateral compression, the summit aspect of the fossil has been pre- 
served and all four apertural processes are visible. A complication of this 
aspect is often caused by the appearance of a central circular impression 
which is surrounded by one or more concentric ridges (cf. fig. 20). The 
writer is disposed to regard the latter as parts of the internal shell-wall which 
have been pressed through the apertural plates. This assumption _pre- 
supposes that the interior section of the shell was not quadratic but circular, 
a supposition which seems to be supported by the occurrence of examples 
which show a well defined circular spot in the center free from carbonaceous 
matter (cf. fig. 23). 

Indications of a surface sculpture are extremely rare in the great 
majority of imfantile specimens. All that can be seen in the smallest speci- 
mens is, now and then, a series of distant transverse furrows (cf. Pl. LV, figs. 6, 
14, 24, 25), which would seem to belong to a deeper, transversely fractured 
layer, such as has been observed in the original of Plate III, figure 4. The 
original of figure 26, Plate IV, shows a fine longitudinal striation and that of 


figure 27 exhibits at the distal end distinct longitudinal ridges and shght indi- 
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cations of transverse ridges which suggest a comparison with the surface 
sculpture of the adult Conularia. As these few indications of surface sculp- 
ture in the smallest stages are, however, in contrast to the generally smooth 
appearance of the fossils, they can hardly be regarded as reliable evidence of 
the existence of a sculpture in this smallest stage, and may be only secondary 
corrugations. There has, however, been found a specimen, 4 mm. long, 
which is excellently preserved and which exhibits a system of distinct 
intersecting longitudinal and transverse ribs (cf. Pl. IV, fig. 85). The sculpt- 
ure of this fossil differs from that of an adult individual in the appearance of 
the transverse ribs which are not undulating but straight, and which, towards 
the base, become more prominent than the longitudinal ones. The same 
specimen possesses a peculiarity in its four deep transverse furrows. Whether 
the latter originate from more closely arranged transverse ribs and retarded 
growth or from the former presence of septa which are broken out, remains 
doubtful because of lack of corroborating observations. 

Adolescent stages ranging in size between the last described and the 
adult stage, have been described and figured on Plate I, figures 1, 2, 3, 5. 
They show the sessile mode of life of these stages, the structure of the basal 
cup, the presence of the surface sculpture which is characteristic of Conularia 
gracilis, and the peculiar transverse ridges of the side walls of the marginal 
grooves. 

All the forms deseribed so far are flattened, often into a mere car- 
bonaceous film and can not be regarded as giving conclusive evidence as to the 
transverse section and actual general aspect of the infantile shell. This 
defect in the material has been filled by a single fortunate discovery of a 
small slab bearing eight young Conwlartas which are either not at all or but 
slightly compressed. Two of the latter (cf. Pl. IV, figs. 87 and 38) were 
attached to a shell of Andoceras. Most of these shells, as well as the impres- 
sions of some which are broken out, are perfectly round (ef. figs. 36 and 38) 
and remarkably strong. The position of the marginal groove is indicated by a 
narrow furrow. They are perfectly smooth, but as indicated by one specimen, 
a sculptured superficial layer existed originally around the thicker interior 
shell. Figure 37 is taken from a specimen which suffered a slight crushing ; 
as a consequence, the median part is sunken in and the stronger marginal 
grooves appear as a projecting frame, giving also to this form the appearance 
of a compressed pyramid. While this specimen explains why even very 
young shells may appear as pyramids, it is shown by the uncompressed 
specimens that the original section of the youngest stage was circular. The 
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writer already has had occasion to observe the round section of the basal part 
of larger specimens before this material was found (see PI. I, figs. 3 and 4), 
and the concentric furrows on the apertures of flattened specimens, which 
were mentioned above (ef. Pl. IV, fig. 20), point to the same fact. 

It may be concluded from these observations that the young shell of 
Conularia gracilis consisted not only of the thin sculptured surface layer but 
also of a thicker carbonaceous interior layer. .The interior surface of the 
living chamber, formed by this latter, was smooth. This can be seen 
wherever the cast only of the shell is preserved, as for instance in the original 
of figure 40, at 4. The cast consists of four smooth faces extended between 
the marginal grooves. 

The uncompressed specimens show further that the young shells were, 
in fact, much more slender than the compressed fossils would suggest. They 
often approached at the basal end more to a cylindrical than a conical shape, 
an observation which is illustrated in the above mentioned figures of Plate I 
(figs. 3 and 4). The latter figure also shows well the gradual change of 
the cylindrical young shell into the pyramidal form by the marginal grooves 
becoming more prominent. There is no doubt that the marginal grooves were 
present in the incipient shell, for this is proved by the originals of figures 5, 
7, 10, ete. (Pl. IV), but they were only part of the superficial layer, as shown 
by the specimens belonging to figures 36 and 38, and became important only 
in the thinner later part of the shell. 

The writer has added to these illustrations that of a fragment of a shell 
which plainly shows a convex segment at the apex (cf. fig. 39). It naturally 
can not be decided from a single specimen* whether this shell accidentally 
broke at the segment or whether we see the result of a discarding of the basal 
appendage by the adolescent animal. It is worth mentioning in regard to the 
latter possibility that the writer made only one other observation which 
might indicate the existence of septa in Conularia gracilis, namely the above 
mentioned constrictions of the original of figure 35, Plate IV. 

Finally, a reproduction of the type of Sphenothallus angustifolius, Hall, has 
been added in figure 40, in order to indicate the traces of basal appendages, 
which are perceptible, as well as two young shells attached to a larger one at 
a. A part which is of interest in regard to the conception. of the shape of 
Conularia is marked 6. The upper face of the pyramid is here broken away, 
whereby the crushed lateral faces and the opposite lower face are laid open. 


The section of the cast is broadly rectangular. 


* The apex of the original of Plate II, figure 5, is not distinct enough to be of account. 
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The general conclusions which can be inferred from the preceding 
observations are the following : 


1. The smallest shells are often found aggregated in grape-like bunches 
and are already attached. , 

2. The youngest observable stage consists of basal appendage and 
living chamber. 

3. The basal appendage reaches about half the size of the living 
chamber and is stouter and more resistible than the latter. The relative size 
and strength of the two parts suggests, not only the question after their 
relative age, but also the possibility that the basal appendage was the 
preceding one of the two. Though this problem can only be solved 
conclusively by the finding of still younger shells, it may be permissible to 
point out some facts which would seem to support the supposition of the 
earlier appearance of the basal appendage. Its relatively great size and 
thickness in the youngest stage have already been mentioned. But it is soon 
outgrown by the living chamber, for while it begins with a length of .8 mm. 
(cf. Pl. IV, fig. 4), it reaches only 4 mm. in the largest cup observed, which was 
found in a detached state, and none were found in connection with the shell 
broader than 2 mm. The living chamber, on the other hand, grew from a 
length of .8 mm. to one of 14 cm. and perhaps still more. As it is obvious 
that the basal appendage began relatively large but did in no way keep up in 
growth with the living chamber, it is probable that it was an organ of 
importance only in the youth of Conularia gracilis. Moreover, as it appears 
to be in the later stages so strangely out of proportion to the size and 
supposed weight of the animal and as it is absent in all known adults of the 
various forms of Conularia, it may have been dropped entirely at adult 
age. Perhaps it was the first hard tegument appearing on the embryo, and 
the suggestion of A. E. Verrill* that the appendage is “the initial secretion of 
the shell gland of the veliger-like young” seems to be not inappropriate. 
It should, however, be remembered that the appendage also grows and does 
not remain stationary as do the embryonic chambers of the Cephalopods, to 
which one might feel inclined to compare it. 

As the general trend of development is from sessile to slowly moving 
and from these to faster moving animals, it seems reasonable to regard the 
presence of the appendage in youth as a true palingenetic character indicating 


the derivation of Conularia from sessile forms. 


* American Journal of Science, Vol. II, July, 1896, p. 80. 
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4. It becomes further evident from the study of the minute shells that 
the latter were round and that the marginal grooves were only part of a 
superficial layer. The fact that such multitudes of the youngest shells could 
be so well preserved while the more advanced stages become rarer in propor- 
tion to their size, ds well as the excellent state of preservation of the former, 
can not but suggest that the shells were relatively much stronger in the 
younger stages than in the later ones. On the other hand, a comparison 
between the young and old forms impresses upon the observer the greater 
relative stoutness of the marginal grooves in the latter. They are for the 
most part hardly noticeable in the infantile stage, and when. the specimens 
are flattened they have often no effect upon the outline which is then curved 
(cf. Pl. IV, figs. 5, 10, 14, 17, 18, 21, 28, 32). It can, therefore, be said that 
while the younger stages of growth had stouter walls and less prominent mar- 
ginal grooves, with advancing age the walls of the faces became relatively thin- 
ner and the walls of the marginal grooves stronger. This gives the impression 
that there had been a tendency to make the shell lighter and at the same time 
to preserve its strength; a tendency which would be only of advantage in 
changing a sessile mode of life either to a creeping or swimming one. ‘Thus 
it seems that the well-known fact of the thinness of the shells of most species 
of Conularia which suggest a swimming mode of life, and the observation of 
the attachment of the rather stout shells of our species in its infantile and 
adolescent stages, can be made to harmonize by assuming that Conularia 
represents a group of animals which were in the process of adapting them- 
selves from a sessile to an errant mode of life. It is probable that in most 
forms, especially those of the Devonian and Carboniferous ages, the onto- 
genetic course of development was materially shortened ; hence the absence 
of such developmental stages as Conularia gracilis has furnished. 

It has already been shown by the structure of the basal appendage 
and the mode of occurrence of the growth stages possessing it, that these 
youthful forms were also capable of some change in place of attachment. 

The shght development of the surface sculpture in the young shells and 
the preponderance of the transverse ribs over the longitudinal ones in some 
of the best specimens (cf. Pl. TV, figs. 832 and 35) are perhaps also characters 
of some phylogenetic significance. 

Granted, then, that the described features of the young of Conularia 
gracilis are of a palingenetic character, it would follow that this Conularia 
took its origin from animals with slender, conical, little sculptured, 


chitinous shells, which were attached by basal, cup-like appendages. 
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The marginal grooves and pyramidal shape would appear to be of secondary 
acquisition. 

Bearing in mind these supposed characters of the ancestors of Conular7a, 
the suggestion of A. E. Verrill in the above-mentioned paper that Conularia 
represents a very primitive genus belonging to the Cephalopods appears quite 
reasonable. The Pteropods, to which Conularia has been so long referred, 
are claimed by zodlogists to be a very late class, while the Cephalopods are 
recognized among the fossils of the Cambrian and were, probably, at the 
beginning only sluggish or even sessile animals which acquired the power of 
fast motion later. The chitinous material of the shell of Conularia seems to 
the writer to be no ground for objection, for there still exists to-day a group 
of Cephalopods with chitinous shells, viz.: the Chondrophora of P. Fischer. 
Further, the suggestion made in regard to other classes of shell-bearing 
animals, that chitine was probably the original shell-material which has been 
replaced later by other materials, probably holds also true for the Cephalopods. 
There are afew observations which point to this supposition. Hyatt* and 
Holm+ observe that the protoconch of Lndoceras (Nanno) belemnitiforme and 
of other Nauti/oidea is represented by a cicatrix only and hence was fragile 
and easily destructible. Hyatt concludes from this observation that the 
protoconch of some Nautiloids was chitious; others, as shown by Clarke,f 
possessed already a calcified protoconch. 

The occurrence of septa in certain species of Conularia,S though of no 
great significance, indicates at least, that the animal advanced in the shell. 
The Cephalopods did the same, but im a manner which proves their higher 
development also in this regard. 

If the genus Conularia indeed represents a group of transitional forms, 
it would seem appropriate to recall the fact that progress from slower to 
faster swimming was attained among certain Cephalopods (the Belemnites) by 
reducing and enclosing the shell, and to consider the possibility that the 
Comuaria did not become extinct, but taking part in the general progress of 
the class, developed into Cephalopods with an internal shell and became thus 
less liable to be preserved in a fossilized state. 

Referring to this possibility, it should be borne in mind that the above- 
mentioned Chondrophora, which are characterized by a chitinous gladius, have 


not yet been linked phylogenetically to any group of the fossil Cephalopods, 


* Genesis of the Arietidae, 1889. 

+ Geologisk Férenings Férhandlinger, Vol. XVII, 1895. 

¢ American Geologist, Vol, XIV, October, 1894, p. 205, pl VI. 

§ As many as three septa have been observed in the same specimen (ef. A. Ulrich, Paleeozoische Versteinerungen aus Bolivien, 
1892, p. 32). 
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while they appear at the same time (Lias), when Conz/aria makes its last 
appearance in a single species,* after it had furnished only one other specimen 
in the Trias.+ 


* Conularia cancellata, Argéliez, Middle Lias of the Dep. Aveyron. Bull. Soc Géol. France, 2 sér , Tome XIIT, 1856, p. 187. 
t Conularia triadica, Bittner. Hohe Wand bei Wiener Neustadt. Verhandlungen der K. K. Reichsanstalt, 1878, p. 281, 1890. 
p. 177. 
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Prater I. 


Fictre 1. Conularia gracilis, Hall, Utica slate, Dolgeville, N. Y., with attached young. a, wall 
pressed out; %, transverse striation of groove; c, apertural process of wall; s, sculpture of surface 
discernible. x 2. 

Fictre 2. @. gracilis, with attached young. s, fragments of sculptured wall. x2. 

Ficcre 8. Young C. gracilis, with four distinct edges, attached to an older shell. x 2. 

Freure 4. Detached specimen of C. gracilis. s, surface film. 2. 

FicurE 5. Group of very young specimens of Conularia ef. gracilis, Mall, attached toa shell 
fragment. x2. 


FicureE 6. OC. gracilis. Fragment of the wall. x 2. 
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PLATE I 


CONULARIA. 


Puate IL 


Frecre 1. © C. gracilis on Trochonema ci. ammonius, Hall. Natural size. 

FictreE 2. Sulcus at the edge of C. gracilis, exterior view. a, surface film; 5, second film 
¢, filling prism; d, side walls of groove. X 4. 

Fictre 3. The same, interiorview. x4. 

Fietre 4. The same, transverse section. x4. 

Freure 5. C. gracilis. Natural size. 

Fiecre 6. Enlarged sculpture. xX 13. 

Fictre 7. Conularia cf. gracilis, Hall, (Sphenothallus angustifolius, Hall). s, sculpture of surface 


discernible. Natural size. , 
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Puate III. 


Conularia gracilis, Hall. Utica slate, Dolgeville, N. Y. 

FieurE 1. Dorsal view of basal appendage. Enlargement of the appendage of the specimen 
reproduced in Plate II, Figure 1. x10. 

FieuRE 2. Vertical section through appendage. Whole specimen asfound. x 10. 

Ficure 38. Nearly vertical section. «, basal ring of exterior bell, seen from inside; 0, dorsal part 
of bell; ¢, interior cup. »x 10. 

Fieure 4. Detached specimen of Conularia gracilis, bearing the appendage reproduced by 
Figure 3. Natural size. 

Ficure 5. Underside of appendage. a, base of exterior bell; 6, base of interior cup. x 10. 


Fictre 6. Ventral view of appendage, only the bases of exterior bell (a) and interior cup (0) 


being preserved. x10. 


~ 


Ficcure 7. Ventral view of appendage. a, base of exterior bell; 6, base of interior cup. 10. 

Ficure 8. Ventral view of appendage, showing the radial furrows of the base of the exterior bell 
and the concentric structure of the latter. x 10. 

Figure 9. Lateral view of basal appendage. a, dome of bell; 6, basal ring of bell; c, impression 
of base of bell; d, impression of basal skin; e, node in centre, cast of central cup. x 10. 

Fictre 10. Interior view of bell from ventral side, shows wrinkled dome of bell and subqua- 
drangular entrance of pyramid of Conularia. 10. 

FricurE 11. Counterpart of the preceding. Shows the apex of the pyramid.  » 10. 

FIGURE 12. Dorsal view of appendage. Dome of bell broken away. x 10. > 

FieurE 13. Ventral view of appendage. Shows radial striation of base of bell. x 10. 

FreurE 14. Conularia gracilis, Hall, attached to a fragment of Stictoporella. Natural size. 

Ficure 15. The same. Basal appendage as found originally. x8. 

FieurE 16. The same. Matrix removed by acetic and hydrofluoric acids. a. interior bell; 
), impression of connecting basal skin; c, impression of centralcup. x8. : 

Ficure 17. Ventral view of appendage. Exterior bell seen in section. Exhibits apex of 
pyramid.  »x 6. 

Ficure 18. Ventral view of appendage. a, base of bell; },-base of central cup. x10. 

FicurE 19. Impression of basal appendage. Junction of two marginal grooves of pyramid 
preserved. x10. 

Fictre 20. Transversal section through appendage. Shows the four marginal grooves of the 
shell of Conuwlaria in section. x10. 

FiGuRE 21. Diagrammatic section through basal appendage. The dotted part is a section 


through the basal appendage in the state of compression, the striated through the same in the state of 


attachment. x10. 
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Puate IV. 


Oonularia gracilis, Hall, Utica slate, Dolgeville, N. Y. 

Ficure 1. Group of young. Natural size. 

Ficure 2. Group of young. Natural size. 

Fieurp 3. Young attached to a small projection. Natural size. 

Fieurss 4 to 35. Various growth stages. »x 4. 

Figure 36, Uncompressed specimen. 4. 

Ficure 37. Slightly compressed specimen. x 4. 

Ficure 38. Uncompressed specimen. x 4. 

Ficure 39. Specimen terminated by septum. Natural size. 

Figure 40. Type of Sphenothallus angustifolius, Hall, Canajoharie, N. Y. Natural size. a, young 
specimens attached; b, natural section, showing the composition of the pyramid of four faces. 
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NOTES ON SOME CRUSTACEANS FROM THE CHEMUNG 
GROUP OF NEW YORK. 


By JOHN M. CLARKE. 


Notes on Some Crustaceans from the Chemung Group of 
New York. 


By Jonn M. Crarxn. 


I. A Singularly Ornamented Phyllocarid Genus, Pephricaris. 


By the courtesy of Professor A. R. Crandall, of Alfred university, 
Alfred, N. Y., and the kindness of Mr. Charles Butts, of the same place, I 
have been permitted to study specimens of a new crustacean allied to Achv- 
nocaris, but noteworthy for the extravagant nature of its armature. Of these 
specimens, two in number, the more complete belongs to the museum of 
Alfred university and is a sculpture-cast of essentially the entire test, the 
valves of the carapace being expanded without distortion and the abdominal 
segments showing, in part, in the posterior hiatus of the carapace valves and 
thence normally protruding behind. The second specimen, the property 
of Mr. Butts, is only the echinate margin of one carapace valve. 

The general aspect of the carapace is not unlike that of some species of 
Echinocaris, yet it is devoid of the curved sigmoid carina which characterizes 
typical species of that genus. 

The carapace valves are broad, their margins curving rapidly outward 
for about one-half of their length, slowly recury- 
ing near the middle and thence more rapidly 
receding to the posterior extremity. The expanded 
valves lie with a moderately broad anterior or 
rostral cleft, but there is no evidence of a separate 
rostral plate. They are in contact just back of the 
apex of this cleft, but for only a short distance, as 
the underlying abdominal segments are partly 
exposed, a fact which may be due either to this 


being the normal attitude of the valves, or to casual 


FIGURE 1. 


separation of them, or again to a breaking of the  Pephricaris horripilata, Chemung 
sandstone, Alfred, N. Y. 


edges of the cast which is not altogether clear at this 
place. The surface of each valve is divided into two convexities by an oblique 
depression beginning at the dorsal edge just back of the middle and extend- 


ing backward with gentle obliquity. This groove does not reach the margin 
731 
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of the valve. The anterior convexity is much the larger. Usually, in Achi- 
nocaris, there is a number of paired nodes and tubercles grouped about the 
cephalic extremity of the carapace, but in this fossil there is only a single 
pair, represented by two deep pits situated close upon the hinge and at the 
apex of the rostral cleft. It is possible that these are remains of ocular 
nodes, but their depth suggests the probability of their having been basal 
attachments of the larger legs. Behind these nodes begins an oblique and 
strong ridge, thickest and most elevated at the hinge, where the anterior 
edges of the ridges on the two valves meet. This ridge departs backward 
into the median groove, passes down its anterior slope, then, with a slight 
change of angle, along the groove and rises slightly on its opposite slope, 
terminating with the groove itself. The margin of the carapace is some- 
what thickened and elevated. 

Nowhere in Achinocaris do we find a carapace structure like this, even 
among the species of the Chemung group. The lateral curved carina is one 
of the constant characters of the genus and may even be duplicate in later 
species. The median sinus exists there, normally, only as a depression 
between nodes, and no species is so free of cephalic nodes as this. 

As to the abdominal segments, we find that three, and a portion of a 
fourth, protrude beyond the carapace ; between the carapace-valves we make 
out traces of two or three others, estimating the entire 
number at seven. The posterior segments are unusually 
short and have short spinules at their post-lateral extremi- 
ties ; there may, also, have been such spinules elsewhere along 
the posterior edge as in Achinocaris, but such are not seen. 
The caudal plate is short and triangular, with a short telson 


and two long curved cercopods. 


FIGuRE 2. 


Pébioacacie heres. The fossil bears a striking ornamentation or armature. 


stent marginof The entire outer margins of the carapace valves carry a 
eft valve. 

single row of broad, strong, erect and slightly recurving 
spines. These are shortest at their commencement on the anterior margin, 
gradually increase in size posteriorly, their greatest length being reached | 
on the post-lateral curve, and thence to the posterior angle of the 
‘arapace they become shorter. The maximum length attained by these 
spines is not less than one-half of the greatest diameter of a carapace valve. 
That these processes are spinous extensions of the chitinous test substance, 
and not bundles of sete, or of other nature, is shown by the aspect of the 


imprints they have left in the matrix, these being sharply defined 
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and clean-edged throughout their extent; and again by the presence of similar 
but straighter and more slender spines upon the final segment of the abdomen. 
Of the latter, two pairs are visible, the penultimate pairs appearing to be 
somewhat longer than the ultimate; there are traces also of a similar pair on 
the antepenultimate segment. 

This description presents all the known characters of this peculiar 
crustacean. Its essential structure is nearest to Avhinocaris and yet not in 
harmony with that genus, and its extravagant decoration emphasizes that 
generic difference. For this reason the generic term Pephricaris is adopted 
for the fossil, and the species may be known as Pephricaris horripilata. 

Both specimens of the species were found in loose blocks of compact 
Chemung sandstone at Alfred, N. Y. Neither shows associated fossils. 


t 


II. The Chemung Trilobite, Bronteus senescens, Clarke. 


In the Report of the New York State Geologist for 1888, the writer 
described the trilobite above named.* The single specimen upon which the 
description then published was based, was but a very imperfect fragment of 
a pygidium and the only justification for drawing attention to the fossil was 
the extreme rarity of all trilobites in the Chemung faunas. At the date of 
that writing the presence in the Chemung of the species Phacops rana, Green, 
common in the Hamilton rocks beneath, and not of, infrequent occurrence in 
the Ithaca fauna immediately below the Chemung formation, was suspected, 
and had been announced. Later evidence has not confirmed this statement, 
and we know to-day only two described species of trilobites from this fauna ; 
the Cyphaspis levis, Hall (sp.), the original and only known specimen being 
a cephalon, and Bronteus senescens. The presence of the genus omalonotus 
is shown by a fragment from the higher beds in Alleghany county. Since 
the description of Bronteus senescens, founded on a specimen from the lower 
Chemung strata in the town of Prattsburgh, Steuben county, additional 
material has been obtained which sets forth the characters of the species in its 
entirety and also shows that from the fragment previously figured and the 
restored outline at that time given to the pygidium, it might prove difficult to 
recognize the species when at its best. A restatement of the characters of the 
fossil drawn from our amplified knowledge of it, will therefore serve to clearly 
define the value of this species. 


* The Genus Bronteus in the Chemung Rocks of New York, op. cit., Figure 1; also published in Forty-secund Annual Report 
Trustees State Museum, pp 403-405, . 
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Soon after the publication of the article above cited, the writer located 
the horizon at which this fossil occurs, on Bardeen’s farm in the northern 
part of the town of Prattsburgh, finding here several nearly entire pygidia. 
This horizon is well characterized by the constant association of this trilobite 
with the crinoid Arthracantha depressa; a species recently described by 
Wachsmuth and Springer from specimens collected at this locality where its 
spinous plates are very common. It is the zone of Lhynchonella (Pugnax) 
pugnus, Sow., and is an eastward extension of this zone from its somewhat 
more prolific manifestation at High Point, in the town of Naples. More 
recently two essentially entire specimens of the trilobite have been obtained 
from higher strata of the Chemung group, near Avoca, Steuben county, 
through the agency of Mr. Clifton J. Sarle, both excellently preserved though 
lacking a few details, but presenting us with a really striking exempl- 
fication of the late continuance of this genus. 

Figures of these specimens are here given and the description of the 


characters of the species is as follows: 


FIGURES 3 and 4. Bronteus senescens; two nearly entire individuals from the Chemung group, 
near Avoca, N. Y. 


GrNERAL Proportions. The outline of both of these extended 
individuals is quite regularly ovo-elliptical, the shorter curve being at the 
posterior extremity. In length the larger measures 54 mm., the smaller, 46 
mm., while the greatest width of the animal is about one-half this dimension 
in both eases. The specimens have been subjected to slight, if any, vertical 
compression though the heads are somewhat askew; the lines of the margin 


may, therefore, be regarded as normal. 
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Crpuaton. The head is short and subsemilunar in outline, the posterior 
margin being quite direct. Its length is slightly more than one-half its width. 
The genal angles are somewhat produced into short and broad spines. The 
margin is elevated, while the border of the head is broadly concave, rising on 
its proximal limb to a genal ridge. The eyes are small, well back on the 
cheeks and moderately elevated, the surface between the palpebrum and the 
dorsal furrows being notably convex. The facial sutures are normal. 
The glabella is elongate and clavate, its width at the anterior extremity 
where it reaches but does not overhang the margin, being twice that just in 
front of the occipital ring. In contour it is depressed convex, though its 
elevated median portion attains greater elevation than any other part of the 
cephalon. The dorsal furrows are deep and narrow; starting from the 
posterior margin they approach each other rather abruptly ; the curve changes 
at the level of the posterior part of the eyes and thence forward the furrows 
diverge outward rather gradually, broadly recurving near the anterior margin. 
The lateral furrows are short but distinct, the first and third pairs being 
most clearly defined, a median pair making but a gentle depression upon the 
surface, while the occipital groove is broad and shallow. 

The occipital ring is likewise broad and distinct, but its prolongation to 
the cheeks is narrower and much more faint. 

In one of the specimens the removal of the part of the glabella has 
exposed a portion of an elongate Aypostome with an oval central depression, 
surrounded by a narrow regular groove and bordered by a narrow flattened 
margin. 

TrHorax with the normal number of ten segments. The axis is very broad, 
having fully one-third the entire width of the thorax, and its margins curve 
outward, approaching each other posteriorly. On the axis the segments are 
moderately broad and flat, distinctly elevated along the median line with 
general longitudinal depressions on the lateral slopes and a slight anterior 
bend at the sides. On the pleure, the segments are narrow and soon become 
free of each other, tapering rapidly to slender, recurved, acute extremities. 

Pyerprum semielliptical, flabelliform; length and width about equal. 
Axis very short, extending for not more than one-fifth or one-sixth of the 
plate; triangular, elevated medially and with an obscure central lobe and 
depressed lateral slopes. The pleurze are broad, flat, separated by sharply 
defined flat grooves. They broaden rapidly outward and finally become 
merged into the grooves near the periphery of the plate, so that the margin of 
the latter is smooth. These ribs are fifteen in number; the median rib being 
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somewhat broader than the rest and, in the larger specimen, showing a 
tendency to division along its distal portion. The margin of the pygidium is 
without evidence of spines. In general contour this plate is broadly depressed 
within the slightly elevated periphery, convex over the central region and 
again sharply depressed about the axis. : 
Ornawentation. The entire test is pretty uniformly pustulose, the 
pustules varying somewhat in size and being coarsest on the glabella and the 
ribs of the pygidium. About the enfolded margins of the cephalon and 
pygidium the surface is marked by the usual incised inosculating lines. 
Oxservations. This species is noteworthy not alone for the rarity of all 
trilobites at this horizon. It is, in all probability, the latest representative 
of the genus, making its appearance in this later division of Devonian time, 
subsequent to the first intrusion of Sp7rifer disjunctus and long after the 
only observed occurrence in this country of Clymenia. It appertains to a 
fauna which, considered in its local relations and in correlation with faunas of 
other countries, characterizes the final stages of the Devonian, and in these 
we have no other record of the occurrence of Bronteus. In this late survivor 
of the genus, therefore, we may expect to find structural traits indicative of, 
or in harmony with its late appearance. We observe that between the earlier 
(upper Silurian and early Devonian) and the later Devonian representatives of 
this genus there are contrasts in the form of the glabella, the outline of the 
pygidium and the nature of its ribs. Thus, the glabella (or we should rather 
say the cranidium, as the distinction depends on the varying distance between 
the facial sutures) is very wide anteriorly, the dorsal furrows being highly 
concave within the ocular nodes (compare 2. palifer, Beyr., Lower Devonian, 
Zittel’s figure, Grundziige der Palzontologie, p. 473, fig. 1,279a; Katzer’s 
figure, Geologie von Béhmen, p. 1,023, fig. 498-4; BL. campanifer, Beyr., 
lower Devonian, Beyrich’s figure, Einige béhmische Trilobiten, Plate, fig. 6 ; 
L. Partschi, Barr., wpper Silurian, Katzer’s copy of Barrande’s figure, op. cét., 
p. 9387, fig. 8377-2; B. viator, Barr, lower Devonian, Novak’s figure in 
Katzer, op. cit., p. 1,036, fig. 548-1; B. acamas, Hall, Niagara group, Twentieth 
Annual Report New York State Cab. of Natural History, Pl. I, fig. 19; 
B. lunatus, Billings, Trenton limestone, Geology of Canada, p. 188, fig. 187, 
and Clarke’s figure, Geological Survey of Minnesota, Vol. III, Part 2, p. 725, 
fig. 43). In all of these and numerous other recorded examples the feature 
referred to is strongly manifested. If on the other hand, we turn to species 
of the middle Devonian, the narrowing of the glabella and the interval 
between the facial sutures becomes evident (see B. flabellifer, Goldfuss, 
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System. Uebersicht, Pl VI, fig. 3; B. meridionalis, Trom. and Grasset, 
Barrois’s figure, Cale. & Polypiers de Cabriéres, Plate I, figure 2a; 
DB. thysanopeltis, var. Waldschmidt, v. Koenen, Waldschmidt’s figure, Zeitschr. 
d. d. Geol. Gesellseh., Vol. XXXVI, Pl. XXXVIITI, fig. 2; B. senescens, ete., 
etc.). This feature appears to be one which, irrespective of other variations 
in structure, has gradually passed through the change noted, and it. is, 
naturally, to be observed that lower Devonian faunas embrace species, some 
with the wide, some with narrower glabella, while thereafter, the earlier 
type of glabella has disappeared. 

With reference to the characters of the pygidium in this genus it may be 
remarked that the only really useful, tenable subdivision of the group is 
founded upon the presence of spinules upon the pygidial margin. This is 
Thyanopedtis, one of the names introduced by Corda and designed by its 
author to include species of this character; it has proven to possess a definite 
stratigraphic value. In matter of outline there is considerable variation, from 
the subsemicireular shape in the earliest species hike L. Junatus, Bill., of the 
Trenton, B. laticauda, Wahlenberg, of the lower Silurian of Sweden, and B. 
hibernicus, Portlock, of the Caradoc, to the elongate-elliptical curve presented 
by the species of the Devonian. In this feature L. senescens is extreme, 
surpassing the elongate, narrowing tail-plate of b. Avelcensis, Girich, of the 
lower upper Devonian (Cuboides horizon) of Poland. Corda (Prodrom einer 
Monographie der béhm. Trilobiten, pp. 58, 59, 1847), attempted a further 
division of the genus on the basis of the simplicity or duplication of the 
median rib of the pygidium, proposing for such species as show a bifurcation, 
the name Dicranactis, and for those in which it is simple, /o/omeris. It has 
long been evident, and is shown in the species in hand, that the duplication 
of this rib is of such minor significance that it can be regarded only as an 
individual character and we can. not safely infer values from this trait. 

Barrande observed (Systeme Silurien, Vol. I, p. 840) that a division of 
the species of Brontens might be founded upon the number of ribs on the 
pygidium, which are either six, seven or eight on either side of the median 
rib. By far the greater number of species possess seven ribs, while six such 
ribs are present only in the earliest species, ¢. g.,. L. /unatus, B. hibernicus, 
B. laticauda. Werein 2. senescens, having seven ribs, perpetuates the struc- 
ture of the normal representatives of the genus. 

The definite time value of the subgenus 7hysanopeltis has been set forth 
by Barrois, Kayser, Frech and other writers. The only representative of this 


division yet known in American faunas is the species B. tu//ivs, from the 
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Tully limestone (Cuboides horizon) of New York. Though the greup is 
well represented in lower Devonian horizons, there is no record of its per- 
durance beyond the Cuboides horizon, and we notice that in this late represen- 
tative of Thysanopeltis the marginal spines are minute and hair-like. Within 
the limitations of this group we find the glabella passing through variations 
in dimensions quite similar to those which characterize the genus as a whole. 

Bronteus senescens is devoid of marginal spines and reproduces the char- 
acters of the normal middle Devonian type. We look upon this’ species, 
therefore, as distinctly progressed in the character of its glabella and pygi- 
dium and as having escaped entanglement with the early Devonian divergence 
into Thysunopetis ; a survival, with appropriate time modifications, of the 


proper expression of the genus. 


